LI ANSWER 1 OF 1 CAPLUS COPYRIGHT 2 003 ACS 

AB Z(NHZ1NHR)2 [I; R = H or alk(en)yl; Z = BAB; A,Z1 = (cyclo) alk (en) ylene, 
arylene; B = bond or alk (en) ylene] were prepd. Thus, N,N'- 
bis (mesitylsulfonyl) -cis-1 , 2 -cyclobutanediamine (prepn. given) was 
"^N-alkylated by Br (CH2 ) 3NEtS02C6H2Me3 -2,4,6 to give, after deprotection, 
Z [NH (CH2 ) 3NHEt] 2 (Z = cis - 1 , 2 -cyclobutylene) . Data for biol . activity of 
I were given in graphic form. 
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=> s el-e69 

1 10268-82-3/BI 

(10268-82-3/RN) 
1 10268-83-4/BI 

(10268-83-4/RN) 
1 10563-23-2/BI 

(10563-23-2/RN) 
1 107-13-1/BI 

(107-13-1/RN) 
1 161452-14-8/BI 

(161452-14-8/RN) 
1 170859-93-5/BI 

(170859-93-5/RN) 
1 206991-25-5/BI 

(206991-25-5/RN) 
1 206991-26-6/BI 

(206991-26-6/RN) 
1 206991-27-7/BI 

(206991-27-7/RN) 
1 206991-28-8/BI 

(206991-28-8/RN) 
1 206991-29-9/BI 

(206991-29-9/RN) 
1 206991-30-2/BI 

(206991-30-2/RN) 
1 206991-31-3/BI 

(206991-31-3/RN) 
1 206991-32-4/BI 

(206991-32-4/RN) 
1 206991-33-5/BI 

(206991-33-5/RN) 
1 206991-34-6/BI 

(206991-34-6/RN) 
1 206991-35-7/BI 

. (206991-35-7/RN) 
1 206991-36-8/BI 

(206991-36-8/RN) 
1 206991-37-9/BI 

(206991-37-9/RN) 
1 206991-39-1/BI 

(206991-39-1/RN) 
1 206991-40-4/BI 

(206991-40-4/RN) 
1 206991-42-6/BI 

(206991-42-6/RN) 
1 206991-43-7/BI 

(206991-43-7/RN) 
1 206991-44-8/BI 

(206991-44-8/RN) 
1 206991-45-9/BI 

(206991-45-9/RN) 
1 206991-46-0/BI 

(206991-46-0/RN) 
1 206991-47-1/BI 

(206991-47-1/RN) 
1 206991-48-2/BI 

(206991-48-2/RN) 
1 206991-49-3/BI 





(206991 


-49-3/RN) 


1 


206991-50 


-6/BI 




(206991 


-50-6/RN) 


1 


206991-51 


-7/BI 




(206991 


-51-7/RN) 


1 


206991-54 


-O'/BI 




(206991 


-54-0/RN) 


1 


206991-55 


-1/BI 




(206991 


-55-1/RN) 


1 


206991-56 


-2/BI 




(206991 


-56-2/RN) 


1 


206991-57 


-3/BI 




(206991 


-57-3/RN) 


1 


206991-58 


-4/BI 




(206991 


-58-4/RN) 


1 


206991-59 


-5/BI 




(206991 


-59-5/RN) 


1 


206991-60 


-8/BI 




(206991 


-60-8/RN) 


1 


206991-61 


-9/BI 




(206991 


-61-9/RN) 


1 


206991-62 


-O/BI 




(206991 


-62-0/RN) 


1 


206991-63 


-1/BI 




(206991 


-63-1/RN) 


1 


206991-64 


-2/BI 




(206991 


-64-2/RN) 


1 


206991-65 


-3/BI 




(206991 


-65-3/RN) 


1 


206991-66 


-4/BI 




(206991 


-66-4/RN) 


1 


206991-70 


-O/BI 




(206991 


-70-0/RN) 


1 


206991-71 


-1/BI 




(206991 


-71-1/RN) 


1 


206991-72 


-2/BI 




(206991 


-72-2/RN) 


1 


21539-47-! 


9/BI 



(21539-47-9/RN) 
1 217093-96-4/BI 

(217093-96-4/RN) 
1 221616-05-3/BI 

(221616-05-3/RN) 
1 221616-06-4/BI 

(221616-06-4/RN) 
1 221616-07-5/BI 

(221616-07-5/RN) 
1 221616-08-6/BI 

(221616-08-6/RN) 
1 221616-09-7/BI 

(221616-09-7/RN) 
1 221616-10-0/BI 

(221616-10-0/RN) 
1 221616-11-1/BI 

(221616-11-1/RN) 
1 2345-68-8/BI 

(2345-68-8/RN) 
1 2345-75-7/BI 

(2345-75-7/RN) 
1 2374-08-5/BI 

(2374-08-5/RN) 
1 2722-30-7/BI 

(2722-30-7/RN) 
1 3999-55-1/BI 



(3999-55-l/RN) 
1 54445-64-6/BI 

(54445-64-6/RN) 
1 5460-29-7/BI 

(5460-29-7/RN) 
1 6117-80-2/BI 

(6117-80-2/RN) 
1 623-91-6/BI 

(623-91-6/RN) 
1 710-43-0/BI 

(710-43-0/RN) 
1 7371-64-4/BI 

(7371-64-4/RN) 
1 773-64-8/BI 

(773-64-8/RN) 
1 821-11-4/BI 

(821-11-4/RN) 

L2 69 (10268-82-3/BI OR 102 68 - 83 -4/BI OR 10563 -23 -2/BI OR 107-13-l/BI 

OR 161452-14-8/BI OR 170859-93 -5/BI OR 2 06991 -2 5 - 5/BI OR 206991- 
26-6/BI OR 206991-27-7/BI OR 206991-2 8-8/BI OR 206991-29- 9/BI 
OR 206991-30-2/BI OR 206991-31-3/BI OR 2 06991-32 -4/BI OR 206991- 
• 33-5/BI OR 206991-34-6/BI OR 206991-35-7/BI OR 206991-36 -8/BI 
OR 206991-37-9/BI OR 2 06991 - 3 9- l/BI OR 2 06991 -40 -4/BI OR 206991- 
42-6/BI OR 206991-43-7/BI OR 206991-44 -8/BI OR 206991 -45 - 9/BI 
OR 206991-46-0/BI OR 2 06991 -47 - l/BI OR 2 06991-48 -2/BI OR 206991- 
49-3/BI OR 206991-50-6/BI OR 206991-51-7/BI OR 206991-54 -0/BI 
OR 206991-55-1/BI OR 2 06991 - 56 -2/BI OR 2 06991 -57 - 3/BI OR 206991- 
58-4/BI OR 206991-59-5/BI OR 206991-60-8/BI OR 206991-61-9/BI 
OR 206991-62-0/BI OR 2 06991 - 63 - l/BI OR 2 06991 - 64 -2/BI OR 206991- 
65-3/BI OR 206991-66-4/BI OR 206991-70-0/BI OR 206991-71- l/BI 
OR 206991-72-2/BI OR 2 153 9 -47 - 9/BI OR 217093 - 96-4/BI OR 221616-0 
5-3/BI OR 221616-06-4/BI OR 221616-07 -5/BI OR 22 1616 - 08 - 6/BI OR 
221616-09-7/BI OR 221616-10 -0/BI OR 22161 



=> d scan 

L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N,N' - (1R, 2S) - 1 , 2 -cyclopropanediylbis [2 , 4\ 6 -trimethyl- , 

rel- (9CI) 
MF C21 H28 N2 04 S2 

Relative stereochemistry. 




** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



HOW MANY MORE ANSWERS DO YOU WISH TO SCAN? (1) :68 
L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN l, 2-Cyclopropanedimethanamine, N, N ' -bis [3- ( e thy lamino) propyl] 

tetrahydrochloride, (lR,2S)-rel- (9CI) 
MF C15 H34 N4 . 4 CI H 



Relative stereochemistry. 



H r/\ H 

(CH 2 )3 ^ S ^ ^(CH 2 )3 



EtNH x - .KL .NHEt 



#4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N, N 1 - (2E) -2-butene-l, 4-diylbis [N- [3- [ethyl [ (2,4, 6- 

trimethylphenyl) sulfonyl] amino] propyl] -2,4, 6 -trimethyl- (9CI) 
MF C50 H72 N4 08 S4 

Double bond geometry as shown. 



Me 




Me 



**PR0PERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 2-Propenenitrile (9CI) 

MF C3 H3 N 

CI COM 



H2C= CH-C^N 



**PR0PERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 



IN Propanenitrile, 3 - (ethylamino) - (9CI) 
MF C5 H10 N2 
CI COM 



EtNH- CH 2 -CH 2 -CN 



** PROPERTY DATA AVAILABLE IN THE 1 PROP ' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclopropanedimethanamine, N,N* -bis [3- (diethylamino) propyl] -, 

tetrahydrochloride, (1R, 2R) -rel- (9CI) 
MF C19 H42 N4 . 4 Cl H 

Relative stereochemistry. 




• 4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulf onamide, N, N ' - [ (1R,2S) -1 , 2 -cyclobutanediylbis (methylene) ]bis 
[3 - [ethyl [(2,4, 6 -trimethylphenyl) sulf onyl] amino] propyl] -2,4, 6-trimethyl 
rel- (9CI) 

MF C52 H76 N4 08 S4 



Relative stereochemistry. 



PAGE 1-A 



Me 



Me 





Me 




N^ lcH2, Sr-r° 

O 



Me 




PAGE 2 -A 



Me 



** PROPERTY DATA AVAILABLE IN THE 1 PROP 1 FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2 -Cyclopropanedimethanaminium, N, N, N, N ■ , N ' , N 1 -hexamethyl- , dichloride, 

(lR,2S)-rel- (9CI) 
MF Cll H26 N2 . 2 CI 

Relative stereochemistry. 



Me3+N v 



,N+Me3 



>2 Cl- 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 2-Butene-l,4-diol, (2Z) - (9CI) 

MF C4 H8 02 

CI COM 



Double bond geometry as shown. 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN . 1, 2-Cyclopropanedimethanamine, N, N 1 -bis (phenylmethyl ) - , (lR,2R)-rel- (9CI) 
MF C19 H24 N2 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanediamine, N, N 1 -bis [3- (ethylamino) propyl] -, 

tetrahydrochloride, (1R,2R) -rel- (9CI) 
MF C14 H32 N4 . 4 CI H 

Relative stereochemistry. 



H 

..NL .NHEt 
(CH 2 )3 

(CH 2 ) 3 

g NHEt 
ri 



#4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN Benzenesulf onic acid, 2 , 4 , 6 -trimethyl- , (2Z) -2-butene-l, 4-diyl ester (9CI) 
MF C22 H28 06 S2 

Double bond geometry as shown. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclopropanedimethanol, (lR,2R)-rel- (9CI) 

MF C5 H10 02 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulf onamide, N, N' - (1R, 2R) -1 , 2 -cyclopropanediylbis [N- [3- 

[ethyl [(2,4, 6 -trimethylphenyl) sulf onyl] amino] propyl] -2,4, 6-trimethyl- , 
rel- (9CI) 

MF C49 H70 N4 08 S4 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanediamine, dihydrochloride, (lR,2R)-rel- (9CI) 
MF C4 H10 N2 . 2 CI H 



Relative stereochemistry. 



►NH 2 



NH 2 



>2 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN Benzenesulfonamide, N, N ' - (2Z) -2-butene-l, 4-diylbis [N- [3- [ethyl [(2,4,6- 

trimethylphenyl) sulfonyl] amino] propyl] -2,4, 6-trimethyl- (9CI) 
MF C50 H72 N4 08 S4 



Double bond geometry as shown. 




PAGE 2 -A 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 
IN 2-Butenedioic acid (2E)-, diethyl ester (9CI) 
MF C8 H12 04 
CI COM 

Double bond geometry as shown. 



EtO' 




OEt 



O 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedimethanol, (lR,2S)-rel- (9CI) 

MF C6 H12 02 

Relative stereochemistry. 




** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2-Cyclopropanedimethanamine, N, N ' -bis [3- [ethyl (phenylmethyl ) amino] propyl 

] -N, N' -bis (phenylmethyl) -, (1R,2R) -rel- (9CI) 
MF C43 H58 N4 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedimethanamine, N, N ' -bis [3- (ethylamino) propyl] 

tetrahydrochloride, (1R, 2R) -rel- (9CI) 
MF C16 H36 N4 . 4 CI H 



Relative stereochemistry. 




(CH 2 )3 

^NHEt 
.NHEt 

(CH 2 )3 



>4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedimethanaminium, N^^^N' ,N' ,N' -hexamethyl- , dichloride, 

(1R,2R) -rel- (9CI) 
MF C12 H2 8 N2 . 2 CI 



Relative stereochemistry . 



N+Me3 
N+Me3 



>2 CI" 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedimethanol # (lR,2R)-rel- (9CI) 

MF C6 H12 02 



Re 1 a t i ve s t e r e ochemi s t ry . 



OH 
.OH 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 

L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN lH-Isoindole-1, 3 (2H) -dione, 2, 2 » - [ (1R, 2R) -1,2- 

cyclopropanediylbis [methylene [ (phenylmethyl) imino] -3, 1-propanediyl] ]bis-, 

rel- (9CI) 
MF C41 H42 N4 04 



Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2-Cyclobutanediamine, N, N 1 -bis [3- (ethylamino) propyl] - , 

tetrahydrochloride, (1R,2S) -rel- (9CI) 
MF C14 H32 N4 . 4 CI H 

Relative stereochemistry . 



H 

, NHEt 

-g' ^(CH 2 )3 

(CH 2 )3 
"S NHEt 



>4 HC1 



L2 69 ANSWERS REGISTRY . COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N-ethyl-2,4, 6 t trimethyl-N- [3- [[(2,4,6- 

trimethylphenyl) sulfonyl] amino] propyl] - (9CI) 
MF C23 H34 N2 04 S2 




** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclopropanedicarboxylic acid, dihydrazide, (lR,2S)-rel- (9CI) 
MF C5 H10 N4 02 



Relative stereochemistry. 



H 2 




NH 2 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N, N ' - (1R, 2S) -1 , 2 -cyclopropanediylbis [N- [3- 

[ethyl [(2,4, 6-trimethylphenyl) sulfonyl] amino] propyl] -2,4, 6 -trimethyl - , 
rel- (9CI) 

MF C49 H70 N4 08 S4 



Relative stereochemistry. 




Me Me 




Me o o 




(CH 2 )3 



' 0 V/° 



Et 




**PROPERTY DATA AVAILABLE IN THE * PROP * FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2-Cyclobutanediamine, dihydrochloride, (lR,2S)-rel- (9CI) 
MF C4 H10 N2 . 2 CI H 



Relative stereochemistry. 



>NH 2 



R 
S 



NH 2 



• 2 HCl 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 2-Butene-l, 4-diamine, N,N' -bis [3- (ethylamino) propyl] tetrahydrochloride , 

(2Z) - (9CI) 
MF C14 H32 N4 . 4 CI H 

Double bond geometry as shown. 



(CH 2 



EtNH 




(CH 2 )3 



NHEt 



• 4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1,2-Cyclopropanedicarboxylic acid, diethyl ester, (lR,2S)-rel- (9CI) 
MF C9 H14 04 

Relative stereochemistry. 




0 0 



•**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN Benzenesulfonamide, N- (3 -bromopropyl) -N-ethyl -2 , 4 , 6 -trimethyl - (9CI) 
MF C14 H22 Br N 02 S 




**PROPERTY DATA AVAILABLE IN THE 1 PROP 1 FORMAT** 



L2 6 9 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclopropanedimethanamine, N, N ' -bis [3- (ethylamino) propyl] 

tetrahydrochloride, (1R,2R) -rel- (9CI) 
MF C15 H34 N4 . 4 CI H 



Relative stereochemistry. 



EtNH 



(CH 2 ) 3 




,NHEt 



(CH 2 )3 



• 4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedimethanamine, N, N ' -bis [3- (ethyl amino) propyl] -, 

tetrahydrochloride, (1R, 2S) -rel- (9CI) 
MF C16 H36 N4 . 4 CI H 

Relative stereochemistry. 



, \ / <CH 2 )3 

» NHEt 



H 

.NHEt 
H ^(CH 2 )3^ 



• 4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedimethanaminium, N,N,N,N' ,N' ,N' -hexamethyl- , dichloride, 

(lR,2S)-rel- (9CI) 
MF C12 H28 N2 . 2 CI 

Relative stereochemistry. 




N+Me3 
N+Me3 



>2 CI 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclobutanedicarboxylic acid, diethyl ester, (lR,2S)-rel- (9CI) 
MF C10 H16 04 



Relative stereochemistry. 




0 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2 - Cyclop ropanedimethanamine, N,N' -bis (3 -amine-propyl) -N,N' - 

bis (phenylmethyl) (1R,2R) -rel- (9CI) 
MF C25 H38 N4 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N,N* - [ (1R, 2R) -1,2 -cyclobutanediylbis (methylene) ] bis [2 , 

4,6-trimethyl-, rel- (9CI) 
MF C24 H34 N2 04 S2 

Re 1 a t i ve s t e r eochemi s t ry . 




Me 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS . REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N, N' - (1R, 2S) -1, 2 -cyclobutanediylbis [2,4, 6-trimethyl- , 

rel- (9CI) 
MF C22 H30 N2 04 S2 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 1 PROP ' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2-Cyclopropanedicarboxylic acid, dihydrazide, (lR,2R)-rel- (9CI) 
MF C5 H10 N4 02 
CI COM 

Relative stereochemistry. 




O O 



**PROPERTY DATA AVAILABLE IN THE 1 PROP 1 FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclopropanediamine,- N, N ' -bis [3- (ethylamino) propyl] - , 

tetrahydrochloride, (lR,2R)-rel- (9CI) 
MF C13 H30 N4 . 4 CI H 



Relative stereochemistry . 



(CH 2 )3 



EtNH 




(CH 2 )3 



' NHEt 



#4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide , N, N' - (1R, 2R) -1,2 -cyclobutanediylbis [2,4, 6-trimethyl- , 
rel- (9CI) 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulf onic acid, 2 , 4 , 6-trimethyl- , (1R,2R)-1,2- 

cyclopropanediylbis (methylene) ester, rel- (9CI) 
MF C23 H30 06 S2 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 
IN 
MF 



69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 
Benzenesulf onyl chloride, 2 , 4 , 6-trimethyl- (9CI) 
C9 Hll CI 02 S 




**PROPERTY DATA AVAILABLE IN THE ' PROP 1 FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 2-Butene-l,4-diamine, N,N' -bis [3- (ethylamino) propyl] -, tetrahydrochloride , 

(2E)- (9CI) 
MF C14 H32 N4 . 4 CI H 

Double bond geometry as shown. 



(CH 2 )3 



EtNH 




, NHEt 



(CH 2 )3 



#4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulf onamide, N,N' - [ (1R, 2S) -1, 2 -cyclopropanediylbis (methylene) ] bis [2 

,4, 6-trimethyl-, rel- (9CI) 
MF C23 H32 N2 04 S2 

Relative stereochemistry. 




**PR0PERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Benzenesulf onamide, N, N ' - (2E) -2-butene-l , 4 -diylbis [2 , 4 , 6-trimethyl- (9CI) 
MF C22 H30 N2 04 S2 



Double bond geometry as shown. 
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** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT* * 
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IN 2-Butene-l, 4 -diaminium, N, N, N, N ' , N ' , N ' -hexamethyl- , dichloride, (2E) - 
(9CI) 

MF CIO H24 N2 . 2 CI 

Double bond geometry as shown. 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 2-Cyclobutanedicarboxylic acid, diethyl ester, (lR,2R)-rel- (9CI) 
MF CIO H16 04 

Relative stereochemistry . 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN 1, 2-Cyclopropanedimethanamine, N,N' -bis (3 -ami nop ropy 1) -, 

tetrahydrochloride, (1R,2R) -rel- (9CI) 
MF Cll H26 N4 . 4 CI H 




#2 CI " 



O 




O 



Relative stereochemistry. 
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>4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N, N 1 - [ (1R, 2S) -1 , 2 -cyclobutanediylbis (methylene) ] bis [2 , 

4,6-trimethyl-, rel- (9CI) 
MF C24 H34 N2 04 S2 



Relative stereochemistry. 





Me 



**PR0PERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 1, 2-Cyclopropanediaminium, N, N, N, N * , N ' , N ' -hexamethyl- , dichloride, 

(lR,2R)-rel- (9CI) 
MF C9 H22 N2 . 2 Cl 

Relative stereochemistry. 



Me3+N"' R ^N+Me3 



>2 Cl- 



L2 
IN 
MF 
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1, 2-Cyclopropanedicarboxylic acid, diethyl ester, (lR,2R)-rel- (9CI) 
C9 H14 04 



Relative stereochemistry. 



EtO, 




OEt 



**PROPERTY DATA AVAILABLE IN THE 1 PROP 1 FORMAT** 
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IN 1, 2-Cyclopropanediamine, N, N ' -bis [3 - (ethylamino) propyl] 

tetrahydrochloride, (1R,2S) -rel- (9CI) 
MF C13 H30 N4 . 4 CI H 



Relative stereochemistry. 



/ (CH 2 )3 
EtNH ^N''' 
H 
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(CH 2 ) 3 



' NHEt 



>4 HC1 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN Benzenesulf onamide , N,N'- (1R,2R) -1, 2 -cyclobutanediylbis [N- [3 - [ethyl [(2,4,6- 

trimethylphenyl) sulfonyl] amino] propyl] -2,4, 6-trimethyl- , rel- (9CI) 
MF C50 H72 N4 08 S4 



Relative stereochemistry. 



PAGE 1-A 



Me 
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^(CH 2)3 V 
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PAGE 2 -A 



Me 
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Me O O 





**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Benzenesulfonamide, N, N ' - [1 , 2 -cyclopropanediylbis (methylene) ] bis [N- [3- 
[ethyl [(2,4, 6-trimethylphenyl ) sulfonyl] amino] propyl] -2,4, 6 -trimethyl - , 
(1R,2R) -rel- (9CI) 

MF C51 H74 N4 08 S4 



Re 1 a t i ve s t er eochemi s t ry . 




**PR0PERTY DATA AVAILABLE IN THE 'PROP* FORMAT** 
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IN 2-Butene-l,4-diol, (2E) - (9CI) 

MF C4 H8 02 

CI COM 



Double bond geometry as shown. 



HO' 




**PROPERTY DATA AVAILABLE IN THE 1 PROP ' FORMAT** 
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IN Benzenesulf onamide, N, N ' - (1R,2R) -1, 2 -cyclopropanediylbis [2 , 4 , 6-trimethyl 

rel- (9CI) 
MF C21 H28 N2 04 S2 

Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP 1 FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN Benzenesulf onamide, N, N ' - [ (1R, 2S) -1, 2 -cyclopropanediylbis (methylene) ] bis 
[3- [ethyl [(2,4, 6-trimethylphenyl) sulf onyl] amino] propyl] -2,4, 6-trimethyl- 
rel- (9CI) 

MF C51 H74 N4 08 S4 

Relative stereochemistry. 




Me 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT* * 
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IN Benzenesulfonamide, N, N ' - (2Z) -2-butene-l, 4-diylbis [2,4, 6-trimethyl - (9CI) 
MF C22 H3 0 N2 04 S2 

Double bond geometry as shown. 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN 2-Butene-l, 4 -diaminium, N, N, N, N ' , N ' , N • -hexamethyl - , dichloride, (2Z) - 
(9CI) 

MF C10 H24 N2 . 2 CI 

Double bond geometry as shown. 



• 2 ci- 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1, 3-Propanediamine, N-ethyl- (7CI, 8CI, 9CI) 

MF C5 H14 N2 

CI COM 



H2N— (CH2) 3 — NHEt 



**PROPERTY DATA AVAILABLE IN THE 'PROP* FORMAT** 
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IN 1 , 2-Cyclopropanedimethanamine , N, N ' -bis [3- (diethylamino) propyl] -N, N' - 

bis (phenylmethyl) -, (1R,2R) -rel- (9CI) 
MF C33 H54 N4 

Relative stereochemistry. 





"1 



(CH 2 )3 



r 



Ph 



(CH 2 )3 



- NEt2 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 
IN 



MF 



69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

Benzenesulfonamide, N, N ' - [ (1R, 2R) -1, 2 -cyclobutanediylbis (methylene) ] bis 
[3 - [ethyl [(2,4 , 6-trimethylphenyl) sulf onyl] amino] propyl] -2,4, 6- 1 rime thy 1 
rel- (9CI) 
C52 H76 N4 08 S4 



Relative stereochemistry. 



PAGE 1-A 



Me 




Me 




Me 




Me 



**PR0PERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



PAGE 2 -A 
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IN 1, 2-Cyclopropanediaminium, N, N, N, N 1 , N' , N' -hexamethyl - , dichloride, 

(1R,2S) -rel- (9CI) 
MF C9 H22 N2 . 2 CI 



Relative stereochemistry. 



..A., 

Me3 + N S "N+Me3 



#2 CI" 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN lH-Isoindole-1, 3 (2H) -dione, 2- (3-bromopropyl) - (9CI) 

MF Cll H10 Br N 02 

CI COM 



O 




O 



**PROPERTY DATA AVAILABLE IN THE 1 PROP ' FORMAT** 
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IN 1, 2-Cyclopropanedicarboxamide, N,N' -bis (phenylmethyl) -, (lR # 2R)-rel- (9CI) 
MF C19 H2 0 N2 02 

Relative stereochemistry. 




O 0 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonamide, N, N 1 - (1R,2S) - 1 , 2 -cyclobutanediylbis [N- [3- [ethyl [ (2,4,6- 

trimethylphenyl) sulf onyl] amino] propyl] -2,4, 6-trimethyl- , rel- (9CI) 
MF C50 H72 N4 08 S4 



Relative stereochemistry. 



PAGE 1-A 



.-* R 




PAGE 2 -A 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2003 ACS 

IN Benzenesulfonic acid, 2 , 4 , 6-trimethyl - , (2E) -2 -butene-1, 4 -diyl ester (9CI) 
MF C22 H28 06 S2 

Double bond geometry as shown. 




** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 



L2 69 ANSWERS REGISTRY COPYRIGHT 2 003 ACS 

IN 1,2-Cyclopropanedimethanol, (lR,2S)-rel- (9CI) 

MF C5 H10 02 



Relative stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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(57) ABSTRACT 

Compounds of Formula I: 



E — NH — D — NH — B — A — 13 — NH — D — NH — M 



(I) 



wherein A is C2-C 6 alkene, C 3 -C 6 cycloalkyl, cycloalkenyl, 
or cycloaryl; B is independently a single bond, C x -C 6 alkyl 
alkenyl; D is independently C 1 -C 6 alkyl or alkenyl, or 
C 3 -C 6 cycloalkyl, cycloalkenyl, or cycloaryl; and E is 
independently H, C 3 -C 6 alkyl or alkenyl; and 
p harm aceutically -suitable salts thereof; a synthetic method 
therefor, pharmaceutical dosage forms containing one of 
more of these compounds, and use of these compounds in 
the treatment of neoplastic cell growth, are disclosed. 

22 Claims, 20 Drawing Sheets 
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CONFORMATIONALLY RESTRICTED wherein A is selected from the group consisting of Q-Q 

POLYAMINES alkene and C 3 -C 6 cycloalkyl, cycloalkenyl, and cycloaryl; B 

is independently selected from the group consisting of a 
This is a continuation of application Ser. No. 08/951,015, single bond and Cj-Q alkyl and alkenyl; D is independently 
filed on Oct. 15, 1997 now U.S. Pat. No. 5,889,061. 5 selected from the group consisting of Cj-Q alkyl and 

alkenyl, and C 3 -C 6 cycloalkyl, cycloalkenyl, and cycloaryl; 
HELD OF THE INVENTION E is independently selected from the group consisting of H, 

„_ . .- j-.j. i r Cj-Cg alkyl and alkenyl; and pharmaceutically-suitable 

The present invention is directed to novel conformation- thereof . 

ally restricted polyamines and their use in the selective ' ■ , , 4l _ j c *u • ■ 

• n u u i- nn ~c ™„i«f.~ «n 10 The invention is also drawn to a method of synthesizing 
inhibition or neoplastic cell growth. ,„ IT . T . . irT 

r the Formula I compounds. Here, a compound of Formula II: 

HO — B — A — B — OH (II) 



BIBLIOGRAPHY 



Complete bibliographic citations to the references men- 
tioned below are listed in the Bibliography, immediately 1S is reacted with with a protecting reagent, preferrably mesi- 
preceding the claims. All of the references cited below are tylenesulfonyl chloride, to yield a compound of Formula III: 
incorporated herein by reference in their entirety. 

PROT — O — 13 — A — B— O — PROT (III) 

DESCRIPTION OF THE PRIOR ART 

wherein PROT is the protecting group. 

It has been known since the 1950's that conformation is 20 Then, the Formula III compound is reacted with a compound 

a determinant in the spatial arrangement of functional 0 f Formula IV: 
groups, and that enzymes or drug receptors prefer specific 

ligand conformations or a specific distribution of conforma- E — N(PROT) — D — NH — PROT) (rv) 
tions. This fruitful concept led to many decisive successes in 

drug design. A few examples will suffice to illuminate the 2 5 t0 ^ eld a compound of Formula V: 
subject. 

J, tU . , - „ . ■ i > f E — N(PROT) — D — N(PROT)— B — A — B — N(PROT)— D — 

The synthesis of conformationally constrained analogs of n(frot) e (V) 
an inherently conformationally flexible substance such as 

acetyl choline helped to secure its "bioactive It is much preferred that the protecting group, PROT, in both 

conformations," i.e., those conformers which are active at 30 the Formula III intermediate and the Formula IV interme- 

the muscarinic and nicotinic receptors. The trans- ^iate be a mesitylenesulfonyl moiety, 

cyclopropyl analog of acetyl choline was shown to be ^ Formu i a V compound is then deprotected to yield a 

preferred by the muscarinic receptor. Conformationally compound of Formula I 

restricted analogs of dopamine, GABA, glutamic acid, his- Tfae m mvenlion fc ^ t0 pharmaceutical 

tamine and serotonin have been obtained by introducing 35 unU d fonns containing one or more ^pounds of 

rigid rings into their structures. The constrained analogs ^ , ° j l j if • t_- *■ -*t. 

u i Li u ,l & . Formula I as described above in combination with a 

have valuable chemotherapeutic effects. . „ ... 

_ r . . , . pharmaceutically-suitable earner. 

Trie use of conformational restriction has also been very ^ t invention - B ^ drawn t0 w of mese novel 

fruitful in the design ,of bioactive polypeptides. Polypeptides mtmaa&iBMy restricted polyamines. These polyamines 

have so many flexible torsion angles that enormous numbers , ' , . J . . t c 

c o -ui • i *• tl • * a .* 40 have utility as potent antineoplastic agents for use in 

of conformations are possible in solution. The introduction * ,f * & 

of rings into the linear peptide chains reduces the number of mammals^ including humans 

conformations and has allowed the preparation of several ^ r also have uUhty as shape-restneted probes for the 

biologically active substances. For instance, a cyclic stud y of active-site geometry for enzyme and/or DNA 

hexapeptide possessing somatostatin activity is known. interactions. Because the backbone of these molecules is 

Conformationally restricted enkephalin analogs are 45 conformationally toy can oidy assume a v«»ry 

known, as are bicyclic lactam inhibitors (enalapril and hmited number of 3-dimensional shapes. By assessmg the 

enalaprilat) of the angiotensin converting enzyme. bmdin g of ^ese compounds to various enzyme active sites, 

Similar strategies have recently led to the development of ?'/be their ability to interact with DNA, insight is gained 

a peptidomimetic benzodiazepine containing at least two mto the V micahT S ^ 1 ^? m ^ ry ° f Cnzyn \ C 

conformational restrictions: a bicyclic heterocycle and an 50 agonists, antagonists and DNAbmders. Both the compounds 

acetylene linker. The benzodiazepine is a non-peptide RGD P er se ™ d their * noveI - 

(Arg-Gly-Asp) receptor antagonist. ^ P resent invention was inspired by a study of past 
The concept of conformational restriction led to the faflures in the iise of polyamine compounds as chemothera- 
discovery that the bioactive conformation of the immuno- P eutlc «8f nte m *e Irealment antiproliferative diseases. It is 
suppressor cyclosporin A (CsA) only binds to cyclophylin A 55 ™at ™ polyammes spermidme and spermme are 
when the amide bond between the 9-position and essential for normal cell growth. Potent antiproliferative 
10-position residues in CsA is trans. agents have been developed which interfere with the bio- 
However, the prior art is silent regarding biologically synthesis of these compounds, thereby preventing cell pro- 
active polyamines which are conformationally restricted by HferaUon. One of these agents, difluoromethylormthine 
the introduction of one or more ring structures into the 60 (DFMO), is currently bemg studied in humans as a chemo- 
polyamine skeleton. preventive. 

The therapuetic success of DFMO is, however, signifi- 

SUMMARY OF THE INVENTION cantly marred by cellular uptake of exogenous polyamines 

The present invention is directed to conformationally ™ the . P 01 ^' transport system CeUular uptake of 

restricted polyamines of Formula I: 65 PAy«™»s from the extracellular milieu compensates for 

the endogenous depletion of the cellular polyamine pools 

E — nh — D — nh — B — a — B — nh — D — nh — E (0 due to the effects of DFMO. Since most food is rich in 
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polyamines (e.g., 100 mL of orange juice contains approxi- •) and SL-11044 (Compound 47, O) on the survival of 

mately 400 ppm of putrescine, the spermine precursor), the cultured human colon cancer cells HT-29. 

anaplastic effect of synthetic analogues which act by nG S. 11A and 11B are graphs depicting the in vitro effect 

SShed Cnd0genOUS POGl ° f P° lyamineS 13 greatly 5 of increasing concentrations of SL- 11047 (Compound 58, 

"rhTpresent invention introduces a new approach for the •) and SL-11048 (Compound 57, O) on the survival of 

use of polyamine analogs as agents for the treatment of cultured human ^ cancer m ' 29 ' 

cancer. Notably, both spermidine and spermine interact with FIGS. 12A and 12B are graphs depicting the in vitio effect 

DNA. These interactions induce structural changes in iso- of increasing concentrations of SL-11037 (Compound 28, 

latedDNA. Computer modeling and physico-chemical stud- 10 •) and SL-11038 (Compound 23, O) on the survival of 

ies indicate that spermine induces conformational changes in cultured human brain cancer cells U251 MG. 

defined DNA sequences. The presently described analogs of FIGS. 13A and 13B are graphs depicting the in vitro effect 

natural polyamines may interact with DNA differently than of increasing concentrations of SL- 11043 (Compound 48, 

does spermine, resulting in the inhibition of tumor cell js •) and SL-11044 (Compound 47, O) on the survival of 

growth in culture. cultured human brain cancer cells U215 MG. 

In short, while not being bound to a particular mode of pics. 14Aand 14B are graphs depicting the in vitro effect 

action, the present invention attacks the problem of 0 f i ncrea sing concentrations of SL-11047 (Compound 58, 

unchecked cell proliferation by presumably changing DNA # ) and SL-11048 (Compound 57, O) on the survival of 

conformation via a polyamine analog/DNA interaction. The 20 cultured human brain cancer cells U251 MG. 

novel, conformational^ restricted polyamines of the present ^ 15Aafld ^ ^ ^ ^ ^ ^ 

invention display potent anti-prohferative activity. of increasing concenlrations of SL-11037 (Compound 28, 

Consequently, it is the principal aim of the present mven- #) and SL . n038 (Compound 23, O) on the survival of 

tion to provide novel, conformationally restricted com- 25 cu itu re d human lung cancer cells A549. 

pounds for use in the treatment of neoplastic cell growth. „„ n * * . , ^ „ 

TTtese and other aims, objects, and advantages of the ^ 16Aand 16B are graphs depicting the m vttro effect 

present invention will become clear upon a complete reading °f 'greasing concentrations of SL-11043 (Compound 48 

of the Detailed Description and claims, below. # > and SL " 11044 (Compound 47, O) on the surv.val of 

3 q cultured human lung cancer cells A549. 

BRIEF DESCRIPTION OF THE DRAWINGS FIGS> 17Aand 17B are &&phs depicting the ^ vitro effect 

FIG. 1 is a graph depicting the in vitro effect of increasing 0 f increasing concentrations of SL-11047 (Compound 58, 

concentrations of SL-11048 (Compound 57) on the survival #) anc j SL-11048 (Compound 57, O) on the survival of 

of cultured breast cancer cells MCF7. ED 50 =1.49 juM. cultured human lung cancer cells A549. 

FIG. 2 is a graph depicting the in vitro effect of increasing 35 FIGS. 18A and 18B are graphs depicting the in vitro effect 

concentrations of SL-11038 (Compound 23) on the survival 0 f increasing concentrations of SL-11037 (Compound 28, 

of cultured breast cancer cells MCF7. ED 50 «1.34 jM. ») and SL-11038 (Compound 23, O) on the survival of 

FIG, 3 is a graph depicting the in vitro effect of increasing cultured human prostate cancer cells PC3. 

concentrations of SL-11037 (Compound 28) on the survival 40 FIGS 19A ^ 19B are dep icting the in vitro effect 

of cultured breast cancer cells MCF7. ED S0 -1.64 pM. of increasing coaccnt rations of SL-11043 (Compound 48, 

FIG. 4 is a graph depicting the in vitro effect of increasing *) and SL-11044 (Compound 47, O) on the survival of 

concentrations of SL-11043 (Compound 48) on the survival cultured human prostate cancer cells PC3. 

of cultured breast cancer cells MCF7. ED c n =l. 64 uM. n^o iaa j-wd u 'a *u • or * 

50 ^ 45 FIGS. 20A and 20B are graphs depictmg the in vitro effect 

FIG. 5 is a graph depicting the in vitro effect of increasing of increasing concentrations of SL-11047 (Compound 58, 

concentrations of SL-11047 (Compound 58) on the survival #) and SL _ n04S (Compound 57, O) on the survival of 

of cultured breast cancer cells MCP7. ED 50 -1.49 cultured human prostate cancer cells PC3. 

FIG. 6 is a graph depicting the in vitro effect of increasing 

concentrations of SL-11044 (Compound 47) on the survival 50 DETAILED DESCRIPTION OF THE 

of cultured breast cancer cells MCF7. ED 50 1.79 fM. INVENTION 

FIG. 7 is a graph depicting the in yitro effect of a 10 ReferenC e is made throughout the Detailed Description to 

concentration of SL-11033 (13, ■), SL-11027 (12, A), .. c . , Tk1 . . . 

_ „ _ t nr \ ' ' the various reaction Schemes and Tables included herein. 

SL-11034 (36, T), and SL-11028 (35, ♦) on the growth of cc n , fl . f 1U . 

. . v > /» „ ' 55 For sake of clanty and brevity, reference numerals have been 

brain cancer cells U251MG-NCI cells. Control=#. . . u • i « « a -u a tu 

assigned to each unique chemical structure described. These 

FIG. 8 is a graph depicting the in vitro effect of a 40 refer e D ce numerals are used consistently throughout the 

concentration of SL-11033 (13, ■), SL-11027 (12, A), disclosure to unambiguously designate the chemical entities 

SL-11034 (36, 569 ), and SL-11028 (35, ♦) on the growth discussed 

of brain cancer cells U251MG-NCI cells. Control-*. 60 ^ Conformationally Restricted Po i yam ines: Synthetic 

FIGS. 9 A and 9B are graphs depicting the in vitro effect Approach 

of increasing concentrations of SL-11037 (Compound 28, The manufacture of bioactive spermine ligands which 

•) and SL-11038 (Compound 23, O) on the survival of may affect the structure of chromatin can be illustrated by 

cultured human colon cancer cells HT-29. 65 the introduction of cyclopropyl and cyclobutyl constraints 

FIGS. 10A and 10B are graphs depicting the in vitro effect into the flexible spermine molecule. Spermine appears as 

of increasing concentrations of SL-11043 (Compound 48, follows: 
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103 and 4, and the hydrazides converted into the diamines 
1 3 NH NH 2 5 and 6, respectively. The diamines 5 and 6 were then 

h 2 n^ 3v nh /N ^ x ^^ s ^ ^{CHj)f 2 mesitylated to give the amides 7 and 8, and the amides were 

then alkylated with 9 to give 10 and 11, respectively. 
5 Hydrolysis of the protective groups yielded the trans analog 
The first targeted location was the central 1,4- i 2 and the cis analog 13. 
diaminobutane segment. In its staggered conformation, four Referring now t0 Scheme 3, in a separate reaction, the 
semi-eclipsed conformational retainers are possible around t , , . - . , . . tU m lyl 

. K . m e , . trans cyclopropyl diester 1 was converted into the amide 14 

the diaminobutane segment. The four have enantiomeric . \. - t f u , m kfu \ #k ~m —a . »a 
, & . *m by reaction with benzylamine (BnNhL), the amide reduced 

relationships. Introduction of a bond between the C-l and 10 ' ' . v ^ 

C-3 positions or the C-2 and C-4 positions of the central t0 * e amme 15 > ^ amme a ^ la / e ^ t0 16 ' 1116 

diaminobutane segment generates a cyclopropane ring. rcsidues were men cleaved ^ hydrazine to give 17. 

Introduction of an additional bond between the C-2 and C-3 Compound 17 was then either deprotected by hydrogenoly- 

positions generates a conformationally restricted alkene sis t0 8 ive 18 J or ^ alklyated to 19, and the benzyl 

derivative. Cyclobutyl, cyclopentyl, and cyclohexyl moi- 15 residues cleaved by hydrogenolysis to give 20. 

eties can be introduced into the structure following the same With reference to Scheme 4, the amine 15 was also 

strategy. alkylated with 21 to give 22. Compound 22 was then 

Using this approach four conformationally semi-rigid deprotected to yield the trans cyclopropyl analog 23. 
structures were obtained which mimic the four semi- An alternative (and preferred) route to 23 is given in 
eclipsed conformational structures of spermine. Two of the 20 Scheme 4A. Here, 3-ethylamino propionitrile 101 was con- 
semi-rigid structures are epimers of the other two. verted into the corresponding amine 102, which was then 

For purposes of the present invention, it is important to mesitylated to yield 3. In a parallel synthesis, the cis diester 

note that the cis and trans isomers of the subject compounds \ was reduced to the dialcohol 15', which was then mesi- 

assume very distinct three-dimensional conformations due tylated to yield the dimesityl derivative 16\ Reacting 3 and 

to the restricted bond rotation afforded by the centrally- 25 kj- m t h e presence of sodium hydride yields 22'. In the same 

located ring structure or unsaturation. All geometric isomers fashion ^ Scheme 4, 22' was then deprotected to yield the 

(optically active or otherwise), including pure isolated as ^ cyclopropyl analog 23. 

forms and pure isolated trans forms of the subject Referring now to Scheme 5, in a separate reaction, the cis 

compounds, and mixtures thereof are explicitly within the ^ 2 ^ {Q ±& 24 ^ 

scope of the present invention. Additionally, all positional 30 / , u f 4 . ♦ j • * *u • a 

* r.u u- * a r \i *u dialcohol was then converted into the amme 25, and the 

isomers of the subject compounds are explicitly within the . .... 1* o a 

scope of the present invention. When A or D is a cyclical ™ Protected by mesitylation to 26. Compound 26 was 

moiety, the two B substituents or the amino moieties, then aUcylated with 9 to yield 27, and then deprotected to 

respectively, may be oriented in the 1,2 or 1,3 or 1,4 position y* ld the C1S cyclopropyl tetramine 28. 

with respect to each other. 35 An alternative (and preferred) route to 28 is given in 

(a) Spermine Analogs Containing a Cyclopropyl Ring Scheme 5 A. Here, the cis cyclopropyl diester 2 is reduced to 

Cis and trans cyclopropyl analogs of spermine were the dialcohol 24 in the same fashion as in Scheme 5. 

prepared via the reactions illustrated in Schemes 1-5A. Compound 24 was then protected by mesitylation to yield 

With reference to Schemes 1 and 2, the cyclopropyl 25'. Compound 25' was then reacted with 3 to yield 27. 

diesters 1 and 2 were first converted into their hydrazides Deprotecting yields the tetramine 28. 



SCHEME 1 



EtChfZ 1 



C0 2 Et H 2 NNH 2 
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SCHEME 2 
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SCHEME 5 



14 
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1 HBr/AcOH, PhOH, 
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55 

(b) Spermine Analogs Containing a Cyclobuiyl Ring 38 were reduced to the respective dialcohols 39 and 40, the 

Cis and trans cyclobutyl analogs of spermine were pre- dialcohols converted into the diamines 41 and 42. The 

pared via the reactions illustrated in Schemes 6-9A. diamines 41 and 42 were then protected by mesitylation to 

Referring now to Schemes 6 and 7, the synthesis of the yield 43 and 44, respectively These compounds were then 

cyclobutyl derivatives started with the trans and cis 1,2- 60 alkylated to give 45 and 46. The protecting groups were then 

diaminobutanes 29 and 30, respectively. These compounds removed to yield the trans cyclobutyl tetramine 47 (Scheme 

were first converted to the amides 31 and 32, and then 8) and the cis tetramine 48 (Scheme 8). 

alkylated to 33 and 34, respectively. Compounds 33 and 34 Alternative (and preferred) routes to 47 and 48 are given 

were then deprotected to yield the trans tetramine 35 in Schemes 8A and 9A, respectively. The cis and trans 

(Scheme 6) and the cis tetramine 36 (Scheme 7). 65 diesters 37 and 38 were reduced to the respective dialcohols 

With reference to Schemes 8 and 9, in separate reactions, 39 and 40 in the same fashion as in Schemes 8 and 9. 

the trans cyclobutyl diester 37 and the cis cyclobutyl diester Compounds 39 and 40 were then mesitylated to yield 41 1 and 



07/14/2003, EAST version: 1.04.0000 



US 6,392,098 Bl 



15 



42', respectively. Reaction of 41* and 42' with 3 yields 45 
(Scheme 8A) and 46 (Scheme 9A). Deprotecting yields the 
desired products 47 and 48. 
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(c) Spermine Analogs Containing an Unsaturauon 

Cis and trans unsaturated analogs of spermine were 

prepared via the reactions illustrated in Schemes 10, 10A, 

11, and 11A. 

Referring to Scheme 10, the trans diester 49 was reduced 
to the dialcohol 50, which was then converted into the trans 
diamine 51. Referring to Scheme 11, the cis diamine 52 was 
obtained from the commercially available cis dialcohol 43 ! . 
With reference to both Scheme 10 and Scheme 11, com- 
pounds 51 and 52 were protected by mesitylation to give 53 
and 54, respectively. Compounds 53 and 54 were alkylated 
to 55 and 56, and lastly deptrotected to yield the trans 
tetramine 57 (Scheme 10) and the cis tetramine 58 (Scheme 

u). 

Alternative (and preferred) routes to 57 and 58 are given 
in Schemes 10A and 11 A, respectively. The cis and trans 
dialcohols 50' and 50 were obtained in the same fashion as 
in Schemes 10 and 11. Compounds 50' and 50 were then 
mesitylated to yield 51 f and 52\ respectively. Reaction of 51' 
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and 52' with 3 yields 55 (Scheme 10A) and 56 (Scheme 
11 A). Deprotecting yields the desired products 57 and 58. 

Following the above general protocols, and using suitable 
and well known starting reagents, all of the compounds of 
5 Formula I, including those where A and D are independently 
C 5 or C 0 cycloalkyl, cycloalkenyl, or cycloaryl, can be 
readily obtained. An illustrative listing of compounds of 
Formula I are presented in Table 1. 

See the Examples, below, for illustrative syntheses of the 
10 compounds shown in Table 1. 

The pure compounds, as well as pharmaceutically-suit- 
able salts thereof, are explicitly within the scope of the 
present invention. By the term "pharmaceutically-suitable 
1S salts" is meant any salt form of the subject compounds 
which renders them more amenable to administration by a 
chosen route. A wide range of such salts are well known to 
those of skill in the pharmaceutical art. The preferred 
pharmaceutically-suitable salts are acid addition salts such 
as chlorides, bromides, iodides and the like. 
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TABLE 1 -continued 



Compound 
No. 



28 



35 



36 




48 



57 



58 



4HQ 



H 4 HQ 



H 4HC1 




4HC1 



SL-11037 



SL-11028 



SL-11034 



LS-11044 



SL-11043 



SL-11048 



H 4HCI 



4HC1 



2. Utility of the Conformationally Restricted 35 

Polyamines as Anti-Neoplastic Agents 

To assess the utility of the subject compounds in the 
treatment of neoplastic cell growth, the ability of the com- 
pounds to inhibit the in vitro growth of several commonly 
used cancer models was studied. The subject polyamines 40 
induce cell death in several neoplastic cell lines at drug 
concentrations smaller than 10 ^M. In serial dilution, the 
restricted conformation polyamines of the present invention 
have been shown to inhibit cell growth and/or cause cell 
death in accepted in vitro test cultures for human breast 45 
cancer (MCF7), brain cancer (U251MG NCI), lung cancer 
(A549), colon cancer (HT29), and prostate cancer (PC3) at 
minute concentrations heretofore undescribed in the scien- 
tific literature. 

The drawing figures are graphse depicting the results of a 50 
series of experiments which illustrate the ability of the 
subject polyamines to induce cell death in different neoplas- 
tic cell lines. These figures are described in detail in the 
Examples Section, below. 

Referring to FIGS. 1-6, each of these graphs has as its 55 
X-axis the concentration of the particular compound being 
tested. The Y-axis of the graphs depicted in FIGS. 1-6 is a 
linear scale representing the fraction of cell survival in each 
of the cultures tested. Here, the neoplastic cell line MCF7 
was used. This cell line is a human breast cancer cell line. 60 
These figures clearly illustrate the utility of the subject 
polyamines to inhibit the growth of human breast cancer. 
The 6 compounds whose in vitro activity is depicted in 
FIGS. 1-6 display ED 50 values ranging from 1.34 to 1.79 
//M. 65 

FIGS. 7 and 8 depict the effect of fixed doses of 10 fiM 
and 40 /*M of the subject compounds, respectively, on the 



growth of the human brain cancer cell line U251MG-NCI. 
Here, the X-axis represents time in days, and the Y-axis 
represents the total number of viable cells. FIGS. 7 and 8 
further demonstrate the utility of subject compounds to 
inhibit neoplastic cell growth. 

FIGS. 9A, 9B, 10A, 10B, 11A, and 11B show the in vitro 
effect of several of the subject compounds on HT29 cells. 
FIGS. 12A, 12B, 13A, 13B, 14A, and 14B show the in vitro 
effect of several of the subject compounds on U251 MG 
cells. FIGS. 15A, 15B, 16A, 16B, 17 A, and 17B show the 
in vitro effect of several of the subject compounds on A 549 
cells. Lastly, FIGS. 18A, 18B, 19A, 19B, 20A, and 21B 
show the in vitro effect of several of the subject compounds 
on PC 3 cells. 

3. Administration and Pharmaceutical Unit Dosage Forms 
The above -described compounds being effective to inhibit 
the growth of cancer cells, the compounds are suitable for 
the therapeutic treatment of neoplastic conditions in 
mammals, including humans. Cancer cell growth inhibition 
at pharmacologically- acceptable concentrations has been 
shown in human breast cancer, brain cancer, lung cancer, 
colon cancer, and prostate cancer cell lines. 

Administration of the subject conformationally restricted 
polyaimes to a human or non-human patient can be accom- 
plished by any means known. The preferred administration 
route is parenteral, including intravenous administration, 
intraarterial administration, intratumor administration, intra- 
muscular administration, intraperitoneal administration, and 
subcutaneous administration in combination with a pharma- 
ceutical carrier suitable for the chosen administration route. 
The treatment method is also amenable to oral administra- 
tion. 

It must be noted, as with all pharmaceuticals, the con- 
centration or amount of the polyamine administered will 
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vary depending upon the severity of the ailment being 
treated, the mode of administration, the condition and age of 
the subject being treated, and the particular polyamine or 
combination of polyamines being used. 

The compounds described herein are administratable in 5 
the form of tablets, pills, powder mixtures, capsules, 
injectables, solutions, suppositories, emulsions, dispersions, 
food premixes, and in other suitable forms. The pharmaceu- 
tical dosage form which contains the compounds described 
herein is conveniently admixed with a non-toxic pharma- 10 
ceutical organic carrier or a non-toxic pharmaceutical inor- 
ganic carrier. Typical pharmaceutically-acceptable carriers 
include, for example, mannitol, urea, dexlrans, lactose, 
potato and maize starches, magnesium stearate, talc, veg- 
etable oils, polyalkylene glycols, ethyl cellulose, poly 15 
(vinylpyrrolidone), calcium carbonate, ethyl oleate, isopro- 
pyl myristate, benzyl benzoate, sodium carbonate, gelatin, 
potassium carbonate, silicic acid, and other conventionally 
employed acceptable carriers. The pharmaceutical dosage 
form may also contain non-toxic auxiliary substances such 20 
as emulsifying, preserving, or wetting agents, and the like. 

Solid forms, such as tablets, capsules and powders, can be 
fabricated using conventional tabletting and capsule-filling 
machinery, which is well known in the art. Solid dosage 
forms may contain any number of additional non-active 25 
ingerdients known to the art, including excipients, 
lubricants, dessicants, binders, colorants, disintegrating 
agents, dry flow modifiers, preservatives, and the like. 

Liquid forms for ingestion can be formulated using 
known liquid carriers, including aqueous and non-aqueous 30 
carriers, suspensions, oil-in-water and/or water-in-oil 
emulsions, and the like. Liquid formulation may also contain 
any number of additional non-active ingredients, including 
colorants, fragrance, flavorings, viscosity modifiers, 
preservatives, stabilizers, and the like. 35 

For parenteral administration, the subject compounds may 
be administered as injectable dosages of a solution or 
suspension of the compound in a physiologically-acceptable 
diluent or sterile liquid carrier such as water or oil, with or 
without additional surfactants or adjuvants. An illustrative 40 
list of carrier oils would include animal and vegetable oils 
(peanut oil, soy bean oil), petroleum -derived oils (mineral 
oil), and synthetic oils. In general, for injectable unit doses, 
water, saline, aqueous dextrose and related sugar solutions, 
and ethanol and glycol solutions such as propylene glycol or 45 
polyethylene glycol are preferred liquid carriers. 

The pharmaceutical unit dosage chosen is preferably 
fabricated and administered to provide a concentration of 
drug at the point of contact with the cancer cell of from 1 fiM 
to 10 mM. More preferred is a concentration of from 1 to 50 
100 fM. This concentration will, of course, depend on the 
chosen route of administration and the mass of the subject 
being treated. 

EXAMPLES 55 

Chemical Synthesis Examples 

The following Examples are an illustrative, not exclusive, 
listing of the manufacture of several compounds according 
to the present invention. The Examples are included herein go 
solely to aid in a more complete understanding of the present 
invention. The Examples do not limit the invention disclosed 
and claimed herein in any fashion. Reference numerals are 
to the Reaction Schemes described above. 

All melting points are uncorrected. NMR spectra were 65 
recorded on 300 MHz spectrometer with TMS as internal 
standard. Purification of the products was carried out using 
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silica gel 60 (230-400 mesh) and the appropriate solvent 
system. HPLCs were run on a Waters 8x10 "NOVAPAK" 
cartridge (Millipore Corporation, Marlboro, Mass.) using 
reverse phase and a gradient of acetonitrile and sodium 
acetate buffer, pH 4.5. 

Compounds 1 and 2 were prepared according to the 
method of Ashton et al. (1988). 

Compound 1: a HNMR (CDOj): 61.26 (t, J-7 Hz, 6H, 
CH 2 CH 3 ), L43 (dd, J-7.0, 8.0 Hz, 2H, CyPrCHj), 2.16 (dd, 
J=7.0, 8.0 Hz, 2H, CyPrCH), 4.16 (q, J-7 Hz, 4 H, 
CH 2 CH 3 ). 13 C-NMR (CDC1 3 ): 14.12, 15.25, 22.31, 61.01, 
171.75. 

Compound 2: a HNMR (CDC1 3 ): 61.25 (m, 1H, 
CyPrCHJ, 1.26 (t, J=7 Hz, 6H, CH 2 CH 3 ), 1.70 (ddd, J-5.0, 
6.0, 5.5 Hz, 1H, CyPrCH 2 ), 2.06 (dd, J=6.0, 9.0 Hz, 2H, 
CyPrCH), 4.17 (q, J-7 Hz, 4H, CH 2 CH 3 ). 

Compound 103: To a solution of ethyl ester 1 (3.5 mL, 20 
mmol) in ethanol (10 mL) was added hydrazine monohy- 
drate (3.38 mL, 80 mmol). The mixture was heated to reflux 
overnight to afford 103 as a white solid. The reaction was 
cooled to room temperature (RT), diluted with 20 mL 
CHC1 3 , and the solid was filtered. Yield=80%; m.p. 
215-217° C; *HNMR (D 2 0): 61.35 (dd, J-7.0, 8.0 Hz, 2H, 
CyPrCH), 2.04 (dd, J-7.0, 8.0 Hz, 1H, CyPrCH); 13 C-NMR 
(D 2 0): 15.5, 24, 176. 

Compound 4: This compound was synthesized via the 
route described above for compound 103. Yield was 87%; 
m.p. 196-198° C; *HNMR (D 2 0): 61.25 (m, 1H, 
CyPrCRJ, 1.45 (ddd, J-5.0, 6.0, 5.5 Hz, 1H, CyPrCHJ, 
2.05 (dd, J-6.0, 9.6 Hz, 2H, CyPrCH); 13 C-NMR (D 2 0): 
12.97, 23.88, 175.0. 

Compound 5: Concentrated HC1 was placed into a 125 
mL conical flask and 9 g of crushed ice added thereto. 
Compound 103 (1.58 g, 10 mmol) was dissolved in this 
solution and then ethyl ether (10 mL) was added. While 
maintaining the temperature below 10° C, a NaN0 2 solu- 
tion (1.73 g, 25 mmol in 4 mL H 2 0) was added slowly. The 
organic layer was separated, the aqueous layer extracted 
with ether (3x20 mL), and the organic fractions combined 
and dried over CaCl 2 . The ether solution was filtered into a 
250 mL round bottom flask and diluted with anhydrous 
toluene (30 mL). Ether was distilled-off using a fractionating 
column condenser. The remaining toluene solution was 
heated to 85° C. until the evolution of nitrogen ceased. 
Stirring at 85° C. was continued for and additional 10 min. 
While still hot, this solution was poured into preheated (60° 
C.) concentrated HC1 (8 mL). Toluene was distilled off under 
vaccuum and anydrous ethanol (15 mL) was added to the 
flask and then distilled-off. This process was repeated twice 
to afford a cream-colored solid, which was digested with 
ethanol and suction-filtered to afford 0.645 g (45%) of pure 
5; m.p. 220° C. (dec); 1 HNMR (D 2 0) 61.53 (t, J=6.0 Hz, 
2H), 3.2 (t, J-6.0 Hz, 2H). 

Compound 6: This compound was synthesized in the 
same manner as 5. Yield was 58%; m.p. 220° C; *HNMR 
(D 2 0) 61.25 (m, 2H, CyPrCHJ, 2.9 (dd, 2H, J -6.0, 8.0 Hz, 
CyPrCH). 

Compound 7: Compound 5 (145 mg, 1 mmol) was 
dissolved in 4 mLof dioxane/water (1:1), while maintaining 
a pH ca. 11 by the addition of 5% KOH. Mesitylenesulfonyl 
chloride (875 mg, 4 mmol) in 5 mL dioxane was then added 
slowly. The upper layer of the mixture was carefully 
decanted and the gummy residue was triturated with hexanes 
to afford 330 mg (76%) of 7 as a white solid, which was 
recrystalized from CHCyhexanes. m.p. 189-191° C; 
*HNMR (CDCI3): 60.9 (t, J-8.0 Hz, 2H CyPrCH^, 2.24 (t, 



07/14/2003, EAST version: 1.04.0000 



US 6,3 

27 

J-8 Hz, 2H, CyPrCH), 2.30 (s, 6H, 2 CH 3 ), 2.55 (s, 12H, 4 
CH 3 ), 5.00 (s, 2H, NH), 6.75 (s, 4H, aromatic); 13 C-NMR 
(CDCi 3 ): 14.16, 20.98, 22.92, 30.92, 132.11, 132.89, 
139.20, 142.79; MS (m/z): 436.53 (NT), 421, 253, 183, 171, 
119, 91; Anal: C^H^N^O,. 

Compound 8: This compound was synthesized in the 
same manner as 7. Yield was 95%; mp 175-177° C; 
*HNMR (CDC1 3 ): 60.80 (m, 1H, CyPrCH 2 ), 0.95 (m, 1H, 
CyPrCHJ, 2.25 (m, 2H, CyPrCH), 2.34 (s, 6H, 2 CH 3 ), 2.65 
(s, 12H, 4 CH 3 ), 5.25(br, 2H, NH), 7.00 (s, 4H, aromatic); 
13 C-NMR (CDCI3): 13.5, 20.96, 22.96, 28.00, 132.08, 
133.00, 139.45, 142.09. 

Compound 10: This compound was synthesized by the 
procedure of Bergeron et al. (1994). NaH (95%, 0.111 g, 4.4 
mmol) was added to 7 (0.872 g, 2 mmol) in anhydrous 
dimethylformamide (40 mL) at 0° C. The mixture was 
stirred for 30 min at 0° C. Compound 9 (1.531 g, 4.4 mmol) 
in anydrous DMF (50 mL) was added slowly, stirred for 
another 15 min. at 0° C. and then stirred overnight at room 
temperature. The reaction was quenched with water (8 mL), 
followed by extraction with ether (3x25 mL). The combined 
organic layers were washed with water (4x30 mL) and brine 
(2x25 mL). The solvents were removed under vacuum to 
afford a gum, which was filtered on a silica gel column using 
8:1 hexanesxthylacetate as an eluant. Obtained was 1.7 g 
(77%) of 10 as a white solid, m.p. 60-6° C; *HNMR 
(CDCI3) 60.57 (dd, J=6 and 8 Hz, 2H, CyPrCHJ, 0.99 (t, 
J=8 Hz, 6 H, 2 CH 3 ), 1.7-1.9 (m, 4H, NCHJCHJ, 2.25 (s, 
6H, 2 CH 3 ), 2.29 (s, 6H, 2 CH 3 ), 2,50 (s, 12H, 4 CHg), 2.55 
(s, 12 H, 4 CH 3 ), 2.56-2.67 (m, 2H, CyPrCH), 2.87-3.19 
(m, 12H, 6 NCH 2 ), 6.86 (s, 4H, aromatic), 6.90 (s, 4H, 
aromatic); MS (m/z) 971.4 (M + ), 787.3, 605.3, 295.1, 183, 
119.1 (100%); Anal: (C 49 H 70 N 4 S 4 0 8 ). 

Compound 11: This compound was obtained (29%) from 
7 as described above for compound 10. mp«74-75° C; 
*HNMR (CDC1 3 ) 60.25-0.36 (m, 1H, CyPrCHJ, 0.99 (t, 
J-8 Hz, 6H, 2CH 3 , 1.00-1.11 (m, 1H, CyPrCHJ, 1.50-1.70 
(m, 4H, NC^CHJ, 2.30 (s, 12H, 4CH 3 ), 2.55 (s, 12H, 
4CH 3 ), 2.58 (s, 12H, 4CH 3 ), 2.56-2.70 (m, 2H, CyPrCH), 
2.90-3.20 (m, 12H, 6NCH 2 ), 6.90 (s, 4H, aromatic), 6.93 (s, 
4H, aromatic). MS (m/z) 971.4 (M + ), 787.3, 605.3, 154 
(100%), 119. Anal (C 49 H 70 N 4 S 4 O 8 ). 

Compound 12: This compound was synthesized by the 
procedure of Bergeron et al. (1994) in 77% yield. Recrys- 
tallized from EtOH, mp=240° C. (dec); 'HNMR (D 2 0 
Acetone^) 51.23 (t, J=6.8, 2H, CyPrCH^, 1.31 (t, J=7.3 
Hz, 6H, 3CH 3 ), 2.00-2.10 (m, 4H, NCCHJ, 2.81 (t, J-6.6 
Hz, 2H, CyPrCH), 3.00-3.20 (m, 12H, 6 NCH 2 ), 13 C-NMR 
(D 2 0, Acetone-d 6 ) 613.33, 13.73, 26.64, 37.63, 45.76, 
47.27, 47.83; MS (m/z) 243.4 (M + , 100%), 163.3, 141.3. 

Compound 13: This compound was obtained from 11 in 
28% yield, mp=240° C. (dec). 1 HNMR (D 2 0/Acetone-d 6 ) 
50.72-0.81 (m, 1H, CyPrCH^, 1.16 (ddd, J-7.2, 8.1, 7.2 Hz, 
1H, CyPrCHJ, 1.29 (t, J«7.4 Hz, 6H, 2CH 3 ), 2.04 (Pent. 
J-7.5 Hz, 4H, NCCHj), 2.69 (dd, J-6.8, 7.4 Hz, 2H, 
CyPrCH), 2.98-3.24 (m, 12H, NCHJ; 13 C-NMR (D 2 0, 
Acetone^) 612.44, 13.43, 27.12, 35.86, 45.89, 47.48, 
48.06; MS (m/z):243.3 (M + , 100%). 163.2, 142.7. 

Compound 14: Compound 1 (3.5 mL, 20 mmol) was 
dissolved in toluene (30 mL) and benzylamine (4.61 mL, 44 
mmol) was added to the solution. The mixture was stirred 
overnight at 80° C. to afford 14 as white solid which was 
filtered and washed with EtOH, yield 85%; mp«237-238° C. 

Compound 15: LiAlH 4 (200 mg, 5.26 mmol) was sus- 
pended in anhydrous THF (10 mL) and kept under argon. 
Compound 14 (500 mg, 1.62 mmol) was added to the 
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suspension in portions. Though 14 was insoluble at RT, it 
was slowly dissolved while refluxing overnight. The reac- 
tion was quenched with MeOH and the solvents were 
evaporated under vacuum to dryness. The residue was then 

5 extracted with CHC1 3 (2x15 mL). The organic layer was 
cooled on an ice-salt mixture to precipitate by-products 
which were -filtered off. CHC1 3 was then removed under 
vacuum to afford 15. It was purified by column chromatog- 
raphy using silica gel and 5:1 hexanes:ethylacetate as an 
eluant. This gave 45% of 15 as a thick gum. *HNMR 
(CDC1 3 ) 60.36 (dd, J-7.7, 7.2 Hz, 2H, CyPrCHJ. 0.84 (t, 
J=7.7 Hz, 2H, CyPrCH), 1.91 (br, 2H, NH), 2.44-2.60 (m, 
4H, 2NCHJ, 3.81 (s, 4H, Benzyl), 7.30 (s, 10H, aromatic); 
13 C-NMR (CDC1 3 ) 615.27, 39.12, 53.46, 126.93, 128.20, 

15 128.41, 140.42. 

Compound 16: Compound 15 (4.5 g, 16.1 mmol) was 
dissolved in dimethylpropyleneurea (DMPU) (35 mL), and 
KsCOa (8.95 g, 64.8 mmol) was added, followed by 
3-bromopropylphthalimide (8.67 g, 32.3 mmol) in DMPU 

20 (15 mL) and the solution was stirred at 110° C. overnight. 
The solution was then cooled to 0° C, and the precipitated 
solids were dissolved in H 2 0 (50 mL). The mixture was 
extracted with ether (3x50 mL), the organic layers were 
washed with water (3x25 mL), dried (MgS0 4 ), and evapo- 

2S rated in vacuo to afford a thick gum. This gum was subjected 
to column chromatography on silica gel column using 
hexanesxthylacetate (7:3) as an eluant to give 6.1 g (58%) 
of 16. 'HNMR (CDCI3) 60.31 (dd, J=6.4, 6.8 Hz, 2H, 
CyPrCH^, 0.66 (t, J-5.8 Hz, 2H, CyPrCH), 1.83 (Pent.), 

30 J-7.0 Hz, 4H, NCCH 2 ), 2.35 (dg^, J-6.3, 13.2 Hz, 4H, 
NCHj), 2.56 (t, J-7.0 Hz, 4H, 2NCH 2 ), 3.60 (s, 4H, Benzyl), 
3.69 (t, J=7.4 Hz, 4H, NCHJ, 7.1-7.4 (m, 10H, aromatic), 
7.65-7.85 (m, 8H, aromatic); 13 C-NMR (CDC1 3 ) 611.10, 
15.24, 26.01, 36.43, 50.82, 57.48, 58.37, 123.10, 126.67, 

35 128.10, 128.77, 132.22, 133.78, 139.80, 168.36. 

Compound 17: Compound 16 (5.86 g, 8.96 mmol) was 
dissolved in methanol (100 mL) and hydrazine monohydrate 
(3.6 mmol) was added and the mixture was heated to reflux 
overnight. The methanol was evaporated under vacuum, and 

40 NH 4 OH (4M, 100 mL) added to the residue. This solution 
was extracted vigorously with CHC1 3 (4x50 mL), the com- 
bined organic layers dried (MgS0 4 ), and CHC1 3 evaporated 
to afford essentially pure 17 as a thick gum (3.3 g, 94% 
yield); 1 HNMR (CDC1 3 ) 60.34 (dd, J-6.4, 6.8 Hz, 2H, 

45 CyPrCH^, 0.68 (t, J-5.8 Hz, 2H, CyPrCH), 1.62 (pent., 
J-6.8 Hz, 4H, NCO-y, 1.70 (br, 4H, NHj), 2.35 (dq^., 
J-6.1, 13.2 Hz, 4H, NCH^, 2.51 (t, J-6.8 Hz, 4H, NCHj, 
2.69 (t, J-6.7 Hz, 4H, NCH 2 ), 3.60 (s, 4H, Benzylic), 
7.2-7.39 (m, 10H, aromatic); C-NMR (CDC1 3 ) 611.09, 

50 15.54, 30.72, 40.49, 51.18, 57.77, 58,62, 126.75, 128.16, 
128.76, 140.05. 

Compound 18: Compound 17 (0.5 g, 1.27 mmol) was 
dissolved in acetic acid (10 mL), To this solution was added 
10% Pd on activated carbon (200 mg) and the mixture was 

55 hydrogenated overnight at 60° C. The catalyst was filtered 
off and 1M HC1 in ether (10 mL) was added to the solution 
to afford a white solid, which was filtered and recrystallized 
from MeOH/ether to give 0.210 g (46%) of 18. mp=270° C. 
(dec); 'HNMR ((D 2 0) 60.84 (dd, J-6.7, 7.1 Hz, 2H, 

60 CyPrCHj), 1.20 (t, J-6.5 Hz, 2H, CyPrCH), 2.00-2.20 (m, 
4H, NCCHJ, 2.05-2.90 (m, 2H, NCHH), 3.00-3.25 (m, 
10H, NCRJ; MS (m/z) 215.1 (M + , 100%), 144.9, 132, 124, 
98. 

Compound 19: Compound 17 (1.5 g, 3.8 mmol) was 
65 dissolved in DMPU (10 mL) and K2C0 3 (1.52 g, 10.98 
mmol) added to the solution, followed by the addition of 
ethylbromide (0.56 mL, 7.6 mmol). The flask was fitted with 
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a dry-ice reflux condensor, then stirred overnight at 45° C. 
The mixture was then cooled to 0° C, and the precipitated 
solids were dissolved in H 2 0 (100 mL), extracted with ether 
(3x100 mL), the combined organic layers washed with H 2 0 
(3x50 mL), dried (MgS0 4 ), and the solvent evaporated to 
afford a thick gum. The gum was purified by column 
chromatography over silica gel using ethyl acetate as an 
eluant (95% yield). 'HNMR (CDC1 3 ) 6033 (dd, J-6.5, 7.0 
Hz, 2H, CyPrCHJ, 0.65 (t, J-6.5 Hz, 2H, CyPrCH), 1.00 (t, 
J=7.2 Hz, 12H, 4CH 3 ), 1.55-1.69 (m, 4H, NCCH 2 ), 2.25 
(dd, J=6.3, 13.2 Hz, 2H, NCHJ, 2.30-2.55 (m, 18H, NCHJ, 
3.62 (s, 4H, benzyl), 7.19-7.35 (m, 10H, aromatic). 

Compound 20: This compound was obtained as described 
above for 18 starting from 19 (80% yield). mp-230° C. 
(dec); 1 HNMR (D 2 0) 60.90 (t, J-6.8 Hz, 2H, CyPrCH^, 
1.22 (t, J«6.5 Hz, 2H, CyPrCH), 1.33 (t, J-7.3 Hz, 12H, 
4CH 3 ), 3.15-3.35 (m, 4H, NCCHJ, 2.95 (dd, J=8, 13 Hz, 
NCH 2 ), 3.15-3.35 (m, 18H, NCH 2 ); 13 C-NMR (D 2 0) 
611.83, 13.66, 17.30, 24.35, 47.77, 51.18, 52.05, 54.46; MS 
(m/z) 327 (NT, 100%). 

Compound 22: Compound 22 was prepared as described 
above for 16, using 15 as the reactant (51% yield). 1 HNMR 
(CDC1 3 ) 60.65 (t, J=6.8 Hz, 2H, CyPrCH 2 ), 0.90-1.1 (m, 
8H, 2CH 3 , CyPrCH), 1.50-1.75 (m, 4H, NCCH 2 ), 
2.25-2.55 (m, 16H, NCHJ, 3.49 (s, 8H, benzylic), 
7.10-7.40 (m, 20H, aromatic). 

Compound 23 (Scheme 4): Compound 23 was prepared 
(20%) following the procedure used for 18. The product was 
recrystallized from ethanol/ether; mp-270° C. (dec) 
1 HNMR (D 2 0) 60.88 (dd, J-6.8, 7.0 Hz, 2H, CyPrCHJ, 
1.25 (t, J-6.1 Hz, 2H, CyPrCH), 1.30 (t, J-7.3 Hz, 6H, 
2CH 3 ), 2.12 (pent., J-7.9 Hz, 4H, NCCH^, 2.89 (dd, J-8.5, 
12.2 Hz, 2H, NO-y, 3.08-3.30 (m, 14H, NCHJ; 13 C-NMR 
(D 2 0) 513.62, 14.10, 17.25, 26.35, 46.70, 47.49, 47.81, 
54.41; MS (m/z) 271.4 (M + H + ), 307.3 (M + H + +2 HC1), 
156.7, 136.3 (100%). 

Compound 23 (via Scheme 4A): Referring specifically to 
Scheme 4 A, 3-ethylamino propionitrile, 101, was prepared 
by the method of Israel et al. (1964). J H-NMR (CDd 3 ): 
61.13 (t, J=7.2 Hz, 3H, CH 3 ), 2.53 (t, J=6.8 Hz, 211, NCHJ, 
2.69 (q, J-7.2 Hz, 2H, NCHJ, 2.94 (t, J-6.8 Hz, 2H, 
CNCHJ; 13 C NMR (CDC1 3 ): 615.09, 18.62, 43.37, 44.82, 
118.75. 

N,l-Ethylpropane-13-diamine, 102: LiAl H 4 (2.54 g, 
66.93 mmol) was taken into a flame dried,3-necked flask. 
THF (75 ml) was added slowly and stirred at room tem- 
perature for 20 min. under argon atmosphere. Compound 
101 (4.322 g, 44.1 mmol) in 25 ml THF was added 
drop wise, stirred its contents over night at 80° C. The 
reaction mixture was cooled to room temperature and 
quenched with 150 ml 30% NaOH solution. The organic 
layer was separated, followed by extraction of aqueous layer 
with chloroform (100 ml). Combined organic layers were 
dried over Na 2 S0 4 . Solvents were evaporated under vacuum 
to afford 3.28 g (73%) of compound 102 as an oil which was 
relatively pure from NMR spectrum and used in the next 
step without further purification. *H NMR (CDC1 3 ): 61.11 (t, 
J-7.2 Hz, 3H, CH 3 ), 1.64 (Pent, J-7.0 Hz, 2H, NCCH^, 
2.55-2.71 (m, 4H, NCHJ, 2.77 (t, J=6.8 Hz, 2H, NCHJ; 
13 C NMR (CDC1 3 ): 615.26, 25.55, 33.89, 40.33, 44.13, 
47.60. 

N-Ethyl-N-(3-Mesitylene Sulfonylamino Propyl)- 
Mesitylene Sulfonylamide, 3: Compound 102 (2.12 g, 20.78 
mmol) was taken into 14 ml of dioxane/water (1:1) and a 
solution of mesitylenesulfonyl chloride (11.82 g, 54.05 
mmol) in 7 ml dioxane was added drop wise (in about 0.5 h) 
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while maintaining the pH at about 12 with 5% NaOH 
solution. A thick gum-like product separated out of solution. 
Supernatant liquid was decanted. Crude product was column 
purified with hexanes and ethyl acetate (4:1) to afford 3.37 

s g (35%) of product 3 as white solid, m.p. 101-102 0 C. J H 
NMR (CDCy: 60.95 (t, J-6:99 Hz, 3H, CH 3 ), 1.68 (Pent, 
J-6.25 Hz, 2H, NCCHJ, 2.29 (s, 6H, 2CH 3 ), 2.56 (s, 6H, 
2CH 3 ), 2.62 (s, 6H, 2CH 3 ), 2.91 (m, 2H, NHCH^, 3.12 (q, 
J-7.0 Hz, 2H, NCHJ, 3.31 (t, J=6.44 Hz, 2H, NCH^, 4.93 
(br, NH), 6.93 (s, 2H aromatic), 6.95 (s, 2H, aromatic); 13 C 
NMR (CDC1 3 ): 612.57, 20.93, 22.81, 22.89, 27.84, 39.26, 
39.99, 42.29, 131.95, 132.05, 133.32, 138.90, 140.00, 
142.02, 142.57 
Compound 15* was prepared according to the method of 

15 Ashton et al. (1988), J. Med Chem. 31, 2304. 

Mesitylene sulfonic acid 2-mesitylene 
sulfonyloxymethyl-trans-cyclopropyl methyl ester, 16': 
Compound 15' (1.65 g, 16.18 mmol) was dissolved in 10 ml 
of pyridine and cooled to 0° C. A solution of mesitylene- 

20 sulfonyl chloride (9.13 g, 41.75 mmol) in 23 ml of pyridine 
was added slowly over a span of about 15 minutes, stirred 
at room temperature for 3 hours, and then poured onto ice 
(75 g). White solid precipitated out which was filtered and 
recrystalized from EtOH; yield 2.8g (37%); m.p. 83-84° C. 

25 J H NMR (CDC1 3 ): 60.50-0.65 (m, 2H, CyPrCH 2 ), 
1.00-1.20 (m, 2H, CyPrCH), 2.31 (s, 3H, CH 3 ), 2.34 (s, 3H, 
CH 3 ), 2.60 (s, 6H, 2CH 3 ), 2.61 (s, 6H, 2CH 3 ), 3.70-3.90 (m, 
4H, 2CHJ, 6.97 (s, 2H, aromatic), 6.99 (s, 2H, aromatic); 
13 C NMR (CDC1 3 ): 69.47, 16.36, 21.04, 22.57, 72.13, 

30 130.62, 131.76, 139.79, 143.37. MS: (m/z) 466 (M + ), 452, 
386, 200, 171, 134, 118 (100%), 91, 77. 

N-Ethyl-N-{3[(2-{[3-ethyl-mesitylenesulfonylamino) 
propyl]-mesitylenesulfonylaminomethyl}-(E)- 
c.y clop ropy lme thy l)-mesity lenesu If onylamino]- 

35 propyl jmesitylenesulfonylamide, 22': Compound 3 (2.5 g, 
5.37 mmol) was taken into a flame dried 3-necked flask, 
dissolved in 40 ml anhydrous DMF. NaH (95%, 300 mg) 
was added slowly under argon atmosphere at 32° C. Con- 
tents were stirred at room temperature for 0.5 hours, then a 

40 solution of 16' (1.16 g, 2.49 mmol) in 35 ml anhydrous DMF 
was added over a period of 10 minutes. The reaction mixture 
was heated to 70° C, stirred for 4 hrs, cooled to 0° C, 
followed by quenching with 10 ml H 2 0. The quenched, 
reaction was then extracted with ether (3x30 ml), the com- 

45 bined organic layers were washed with H 2 0 (30 mlx4) and 
brine (2x25 ml). The solvents were then removed to afford 
crude oil, which was purified by column chromatography to 
yield 22', a low melting white semi-solid in 40% yield (1.0 
g). a H NMR (CDCy: 50.34 (dd, J-6.6, 6.8 Hz, 1H, 

50 CyPrCH), 0.7(M).80 (m, 1H, CyPr), 0.95 (t, J-7.1 Hz, 6H, 
2CH 3 ), 1.60-1.75 (m, 4H, 2CHJ 2.30 (s, 12H, 4CH 3 ), 2.54 
(s, 24H, 8CH3), 2.60-2.89 (m, 2H, NCH), 2.93-3.25 (m, 
14H, NCHJ, 6.92 (s, 4H, aromatic), 6.93 (s, 4H, aromatic); 
13 C NMR (CDC1 3 ): 612.69, 15.69, 20.95, 22.75, 25.29, 

55 40.17, 42.64, 43.40, 48.90, 131.92, 131.98, 132.99, 133.26, 
140.08, 140.12, 142.34, 142.49. 

N-Ethyl-N'-(2-(3'-ethylamino-propylaminomethyl)-trans- 
cyclopropylmethyl)-propane- 1,3 - diamine 
tetrahydrochloride, 23: Phenol (1.68 g, 17.8 mmol) and HBr 

60 (33%) in glacial acetic acid (8.9 mL) were added succes- 
sively to a solution of 22' (447 mg, 0.45 mmol) in CH^C]^ 
(5 mL) at room temperature. The solution was stirred for 48 
hrs. H 2 0 (6 mL) was added, followed by extraction with 
CH 2 C1 2 (3x8 mL). The aqueous layer was evaporated under 

65 reduced pressure and the residue was taken up in ION NaOH 
(3 mL), followed by extraction with CHC1 3 (12x6 mL). 
Chloroform was distilled off to afford a thick gum which was 
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taken into anydrous ether. Anydrous HC1 gas was passed Compound 28 (via Scheme 5A): Referring specifically to 
through the solution to precipitate the tetrahydrochloride of Scheme 5 A, compound 24 was made as described above. 

23 as white solid. (140 mg, 75% yield). The product was Mesitylenesulfonic acid 2-mesitylenesulfonyloxymethyl- 

recrystallized from ethanol/ether; mp=270° C. (dec). *H cis-cyclopropylmethyl ester, 25' was obtained from 24 as 

NMR (D 2 0): 60.88 (dd, J=6.8, 7.0 Hz, 2H, CyPrCHJ, 1.25 5 described above for compound 16'. m.p. 240° C. J H NMR 

(t, J-6.1 Hz, 2H, CyPrCH), 1.30 (t, J=7.3 Hz, 6H, 2CH 3 ), (CDC1 3 ): 60.31-0.40 (m, 1H, CyPr), 0.86-0.99 (m, 1H, 

2.12 (pent., J=7.9 Hz, 4H, NCCHJ, 2.89 (dd, J=8.5, 12.1 CyPr), 1.25-1.41 (m, 2H, CyPr), 2.32 (s, 6H, 2CH 3 ), 2.60 (s, 

Hz, 2H, NOy, 3.08-3.30 (m, 14H, NCHJ; 3 C NMR 12H, 4CHA 3.85^.10 (m, 4H, 2CHJ, 6.99 (s, 4H, 

(D 2 0): 613.62, 14.10, 17.25, 26.35, 46.70, 47.49, 47.81, aromatic); 13 C NMR (CDCC1 3 ): 69.71, 15.25, 21.08, 22.61, 

54.41; MS (m/z) 271.4 (M + H + ), 307.3 (M*H + +2Hcl), 156.7, 10 69.61, 130.63, 131.79, 139.82, 143.39; MS 466 (M + ), 452, 

136.3 (100%). 266, 200, 185, 171, 119 (100%). 

Compound 24: Compound 24 was prepared by the N-Ethyl-N-{3[(2-{[3-ethyl-mesitylenesulfonylamino) 

method of Ashton et al. (1988) io 75% yield as a colorless propyl]-mesitylenesulfonylaminomethyl}-(Z)- 

oil. *HNMR (CDCl 3 ) 60.22 (dt, J-5, 5 Hz, 1H, CyPrCHJ, cyclopropylmethyl)-mesitylenesulfonylamino]- 

0.70-0.85 (m, 1H, CyPrCHJ, 1.35 (m, 2H, CyPrCH), 3.27 35 propyl} mesitylenesulfonylamide, 27, was obtained by 

(dd, J=ll, 11 Hz, 2H, CH 2 OH), 3.70-3.90 (br, 2H, OH), reacting 25* with 3 in 64% yield; mpo56-58° C. a H NMR 

4.14 (dd, J=6, 11 Hz, 2H, CHHOH); i3 C-NMR (CDC1 3 ) (CDCl^: 60.05-0.09 (m, 1H, CyPrCHH), 0.7-0.81 (m, 1H, 

68.39, 17.43, 63.80. CyPrCHH), 0.95 (t, J=7.1 Hz, 8H, 2CH 3 and 2H, CyPrCH), 

Compound 25: Compound 25 was obtained using the 1.65-1.79(m,4H,NCHH 2 ),2.28(s,6H,2CH 3 ),2.29(s,6H, 

method of Fabiano et al. (1987). To a solution of the diol 24 20 2CH 3 ), 2.54 (s, 12H, 4CH 3 ), 2.55 (s, 12H, 4CH 3 ), 2.69-2.90 

(1.7 g, 17.01 mmol) in anhydrous THF (10 mL) was added K 2H, NCHH), 3.00-3.20 (m, 12H, NCHJ, 3.29-3.40 (m, 

a 0.4 M solution of HN 3 in toluene (102 mL) followed by a 2H, NCHH), 6.92 (s, 4H, aromatic), 6.93 (s, 4H, aromatic); 

solution of diisopropyl azidodicarboxylate (7.48 g, 36.99 13 C NMR (CDC1 3 ): 612.63, 13.92, 20.96, 22.73, 22.77, 

mmol) in THF (15 mL). To the resulting mixture was added 25 - 5 <>, M.01, 42.65, 43.49, 45.17, 131.92 133.00, 1460.06, 

a solution of PPh 3 (21.6 g, 92.35 mmol) in THF (30 mL) 25 142.35; MS (m/z) 6999.40 (M + ), 815.30, 533.20, 167.10, 

with stirring. As the reaction is exothermic, the temperature 119.00 (100%). 

was controlled by the rate of addition of the PPh 3 solution. N-Ethyl-N'-(2-(3 f -ethylamino-propylaminomethyl)-cis- 

Stirring was continued for 1 hour at RT and then overnight cyclopropylmethyl) -pro pane 1,3-diamine 

at 50° C. H 2 0 (3.5 mL) was added, stirred at 50° C. for tetrahydrochloride, 28: This compound was synthesized by 

another 6 hours. The solvents were removed under vacuum 30 following the procedure described above for compound 23 

and the residue was partitioned between CH 2 C1 2 (100 mL) (Scheme 4A) in 75% yield. White solid, mp=240° C. (dec), 

and IN HC1 (100 mL). The aqueous phase was extracted *H NMR (D 2 0): 60.38-0.48 (m, 1H, CyPrCHH), 0.9-1.1 

with CH 2 C1 2 (4x100 mL). Removal of H 2 0 under reduced (m, 1H, CyPrCHH), 1.29 (t, J-6.3 Hz, 8H, 2CH 3 and 2H, 

pressure (40° C.) gave 25 as a white solid which was CyPrCH), 1.98-2.10 (m, 4H, NCCHJ, 2.88-3.05 (m, 8H, 

recrystaUized from methanol/ether (0.650 g, 25%). mp»230° 35 NCH^, 3.05-3.18 (m, 8H, NCH 2 ); 13 C NMR (D 2 0): 

C. (dec^HNMR (D 2 0) 60.40-0.53 (m, 1H, CyPyCH), 612.63, 13.53, 15.74, 26.89, 45.82, 47.30, 47.39, 50.58; 

1.00-1.15 (m, 1H, CyPrCHH), 1.30-1.48 (m, 2H, CyPrCH), HPLC Ry-26.97. 

2.75-2.95 (m, 2H, NCH 2 ), 3.20-3.35 (m, 2H, NCH^. Compound 31: This compound was prepared by the 

Compound 26: Compound 26 was obtained (93%) from ^ method of Buchman et al. (1942). Mesitylenesulfonyl chlo- 

25 following the procedure 7. The product was purified by ride (4.55 g, 21 mmol) in dioxane (15 mL) was added 

column chromatography using silica gel and hexanes:ethy- dropwise with magnetic stirring to 29 (1.1 g, 6.9 mmol) in 

lacetate (3:2) as an eluant. mp-152-153° C; *HNMR 20 mL of a mixture of NaOH:dioxane (2:1). The mixture 

(CDQ 3 ) 60.06-0.1 (m, 1H, CyPrCH 2 ), 0.62-0.75 (m, 1H, was maintained at pH 10-11 with occasional addition of a 

CyPrCHH), 1.00-1.16 (m, 2H, CyPrCH), 2.29 (s, 6H, 45 5% solution of KOH. Once the addition was completed, the 

2CH 3 ), 2.62 (s, 12H, 4CH 3 ), 2.69 (dd, J=5.0 and 8.6 Hz, 2H, reaction mixture was left for an additional hour. The white 

NCHH), 3.04 (dd, J=5.0 and 13.2 Hz, NCHH), 3.70 (s, 2H, solid was filtered off and dried to afford 31 (2 g, 65%). mp 

NH), 6.04 (s, 4H, aromatic). 201-202° C. (crystallized from methanol-water); X HNMR 

Compound 27: Compound 27 was obtained from 26 in (CDC1 3 ) 61.35 (m, 2H), 1.95 (m, 2H), 2.30 (s, 6H), 2.60 (s, 

64% yield; mp=56-58° C; *HNMR (CDC1 3 ) 60.05-0.09 50 6H),2.60(s, 12H), 3.32 (m,2H), 5.18 (br,2H), 6.95 (s,4H); 

(m, 1H, CyPrCHH), 0.7-0.81 (m, 1H, CyPrCHH), 0.95 (t, 13 C-NMR (CDC1 3 ) 620.96, 22.88, 23.80, 54.68, 132.09, 

J=7.1 Hz, 8H, 2CH 3 and 2H, CyPrCH), 1.65-1.79 (m, 4H, 134.10, 139.16, 142.80. MS (m/z, relative intensity), 451 

NCHHJ, 2.28 (s, 6H, 2CH 3 ), 2.29 (s, 6H, 2CH 3 ), 2.54 (s, (MH*, 2), 267 (73), 183 (48). 

12H, 4CH 3 ), 2.55 (s, 12H, 4CH 3 ), 2.69-2.90 (m, 2H, Compound 32: Compound 32 (70%) was obtained from 

NCHH), 3.00-3.20 (m, 12H, NCR), 3.29-3.40 (m, 2H, 55 30 following the procedure described by Buchman et al. 

NCHH), 6.92 (s, 4H, aromatic), 6.93 (s, 4H, aromatic); (1942). mp-192-193° C. (crystallized from methanol- 

13 C-NMR (CDC1 3 ) 612.63, 13.92, 20.96, 22.73, 22.77, water) *HNMR (CDC1 3 ) 61.90-2.18 (m, 4H), 2.35 (s, 6H), 

25.50, 40.07, 42.65, 43.49, 45.17, 131.92, 133.00, 140.06, 2.60 (s, 12H), 3.63 (br, 2H), 5,41 (br, 2H), 6.96 (s, 4H); 

142.35; MS (m/z) 5999.40 (M + ), 815.30, 533.20, 167.10, 13 C-NMR (CDC1 3 ) 6: 20.95, 22.89, 25.32, 51.20, 132.04, 

119.00 (100%). 60 134.08, 139.30, 142.51 MS (m/z, relative intensity) 451 

Compound 28 (Scheme 5): Compound 28 was prepared (MH + , 2), 267(76), 183(65). 

from 27 in 75% yield; mp=240° C. (dec); 2 HNMR (D 2 0) Compound 33: NaH (95%, 115 mg, 4.8 mmol) was added 

60.38-0.48 (m, 1H, CyPrCHH), 0.9-1.1 (m, 1H CyPrCHH), to a solution of 31 (900 mg, 2 mmol) in DMF (20 mL) at 0° 

1.29 (t, J=6.3 Hz, 8H, 2CH 3 and 2H, CyPrCH), 1.98-2.10 C. The mixture was stirred at 0° C. for 30 minutes and a 

(m, 4H, NCCH 2 ), 2.88-3.05 (m, 8H, NCH 2 ), 3.05-3.18 (m, 65 solution of the alkylating agent 9 (1.53 g, 4.4 mmol) in DMF 

8H, NCHJ; 13 C-NMR (D 2 0) 612.63, 13.53, 15.74, 26.89, (10 mL) was added dropwise. The reaction mixture was 

45.82, 47.30, 47.39, 50.58; HPLC Rj-26.97. stirred at 0° C for 30 minutes and then at 70^80° C. 
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overnight, cooled and quenched with water (5 mL). The evaporated to give 3.6 g (86%) of a colorless oil. *HNMR 

solvent was distilled off with a vacuum pump and the residue (CDCIJ 6: 1.58 (m, 2H), 2.05 (m, 2H), 2.70 (br, 2H), 3.60 

was extracted into chloroform-water. The organic layer was (m, 2H), 3.82 (m,2H); 13 C-NMR (CDC1 3 ) 6: 2032, 20.82, 

dried and evaporated to leave a residue that was purified by 37.46, 62.72. 

flash chromatography on silica gel (elution with 20% ethyl 5 Compound 41: Compound 41 was obtained from 39 

acetate in hexanes) to yield 1.2 g (60%) of 33 as a colorless, following the procedure described immediately above. From 

glassy oil. 2 HNMR (CDC1 3 ) 5: 0.98 (t, 6H), 1.40-1.70 (b, 1.97g(17 mmol)of 39 was obtained 700 mg (21%) of crude 

6H), 1.82 (b, 2H), 2.28,230 (s, 12H), 2.56-2.58 (s, 24H), 41 which was used in subsequent steps without further 

2.80-3.20 (m, 12H), 4.20 (br, 2H), 6.93-6.96 (s, 8H); purification. 

12 C-NMR (CDCI3) 6: 12.70, 20.94, 21.70, 22.76, 22.90, 10 Co d 42: To a mhaion of the 40 (1.97 g, 17 

28.20, 40.20, 41.54, 43.16, 55.48, 131.91, 132.10, 133.02, mmol) ^ ^ (10 mL) was added 42 ^ of v a 0.95 M 

133.18, 140.23, 142.80, 143.17, FABMS (m/z, relative solution of hydrazoic acid (HN 3 , 39.8 mmol), followed by a 

intensity) 985.4 (MH , 37), 801.4 (84), 619.3 (20), 619.3 , ti of d ii a0 p ro p y i. azod i car boxylate (7.45 g, 69 mmol) 
(21). 

in THF (20 mL). To the resulting mixture, a solution of 

Compound 34: Compound 34 (50%) was obtained from is triphenylphosphine (19.6 g, 75 mmol) in THF (85 mL) was 

32 following the procedure described above. *HNMR adde d while stirring. After 1 hour at room temperature the 

(CDa 3 )6:0.98(t,6H),1.50(m,4H),1.80(br,2H),2.12(br, reaction mixture was heated at 50° C. for 6 hours, the 

2H), 2.30 (s, 6H), 2.52, 2.54 (s, 12H) 2.82 (m, 4H), solvents were removed in vacuo and the residue was parti- 

2.93-3.23 (m, 8H), 4.20 (br, 2H), 6.93 (s, 8H); 13 C-NMR tione d between CH 2 C1 2 (60 mL) and 1 N HC1 (30 mL). The 

(CDQ 3 ) 6: 12.69, 20.94, 22.75, 22.82, 24.63, 25.94, 40.14, 20 aqueous phase was extracted with additional CH^L, (3x10 

42.16, 43.25, 55.43, 131.89, 132.23, 133.51, 135.08, 139.52, m L). Removal of the water under reduced pressure gave the 

140.16, 142.22, 142.88; FABMS (m/z, relative intensity) diamino hydrochloride 42 (800 mg, 25%). This was used in 

985.4 (MH + , 11%) 801.3 (59), 619.3 (26). subesquent steps without further purification. 

Compound 35: Phenol (800 mg, 8.5 mmol) and 30% HBr Compound 44: Mesitylenesulfonylchloride (2.70 g, 126 
in glacial acetic acid (14 mL) were added successively to a mmol) in dioxane (10 mmol) was added dropwise with 
solution of the tetramide 33 (300 mg, 0.30 mmol) in CH 2 C1 2 stirring to 42 (800 mg, 4.2 mmol) dissolved in a mixture of 
(14 mL) at room temperature. The solution was stirred at in NaOH and dioxane (1:1). The mixture was maintained at 
room temperature for 48 hrs. H 2 0 (20 mL) was added p H 10-11 with occasional addition of a 5% solution of iN 
followed by extraction with CHC1 3 (3x20 mL). The aqueous NaOH. Once the addition was complete, the reaction mix- 
portion was evaporated to dryness and the residue was taken ture was stirred for an additional hour. The solvent was 
up in 10N NaOH (5 mL) followed by extraction with CHC1 3 decanted and the oily residue was washed with hexane, 
(10x5 mL). The combined organic phases were dried and filtered, and dried, which afforded 490 mg (25%) of 44. 
evaporated. The resulting residue was dissolved in ethanol mp«138-139° C. (crystallized from methanol-water). 
(3 mL) and acidified with three drops of concentrated HC1, *HNMR (CDC1 3 ) 8: 1.50 (m, 2H), 1.88 (m, 2H), 2.30 (br, 
cooled and filtered. White crystals of 35 were obtained (50 8H), 2.62 (s, 12H), 2.92 (m, 4H), 5.05 (t, 2H), 6.90 (s, 4H); 
mg, 40%). J HNMR (D 2 0) 6: 1.20 (t, 6H), 1.80-2.21 (m, 13 C-NMR(CDC1 3 ) 5: 20.92, 21.65, 22.95, 39.01, 46.82, 
6H), 2.35 (m, 2H), 3.08 (m, 12H), 4.00 (m, 2H); 13 C-NMR 131.95, 134.20, 139.03, 142.12; MS (m/z; relative 
(D 2 0) 6: 14.20, 22.57, 26.34, 46.26, 46.76, 47.44, 57.57, intensity): 478 (M + , 12), 295 (90). 

MS (m/z, relative intensity) 257.2 (MH+, 27), 293.3 Compound 43: Compound 43 was obtained from 41 

(M+2H +2Cr, 4) 172.2 (100); HPLC: Ry-27.47 min. following the procedure described above. From 700 mg of 

Compound 36: Compound 36 (40 mg, 37%) was obtained 41 was obtained 400 mg (25%) of 43. mp-130-132° C. 

following the procedure described above for 35 using 300 (crystallized from methanol-water) 1 HNMR (CDC1 3 ) 6: 1.50 

mg of 34 as a reactant. 1 HNMR (D 2 0) 6: 2.10-2.25 (m, 4H), ( m , 2H), 1.83 (m, 2H), 2.25 (m, 2H), 2.30 (s, 6H), 2.60 (s, 

2.35-2.55 (m, 4H), 3.08-3.30 (m, 12H), 4.15 (m, 2H); 45 12 H), 2.90 (m, 4H), 5.20 (t, 2H), 6.95 (s, 4H); 13 C-NMR 

13 C-NMR(D 2 0) 6: 14.12,25.04,26.28,46.72,47.31,47.46, (CDC1 3 ) 6: 20.91, 21.66, 22.95, 38,97, 46.80, 131.95, 

57.98; ESIMS (m/z, relative intensity): 257.3 (MH + , 100), 133.72, 139.03, 142.11; MS (m/z, relative intensity): 478 

293.3 (M + 2H++2C1", 6), 172.3 (12); HPLC: 1^25.91 min. (m + , 7) 295 (54) 

Compound 39: Compound 39 was obtained from 37 (see Compound 46— NaH (95%, 52.3 mg, 2.18 mmol) was 

Buchman et al. (1942)) following the procedure described 50 added to a solution of 44 (400 mg, 0.84 mmol), in DMF (20 

above. From 3.85 g (22 mmol) of 37 was obtained 1.68 g m L) at 0° C. The mixture was stirred at 0° C. for 30 minutes, 

(65%) of 39 as a colorless oil. ] HNMR (CDC1 3 ) 6: 1.60 (m, and a solution of N-ethyl-N-mesitylenesulfonamide-3- 

2H), 1.85 (m,2H), 2.20 (br,2H), 3.38 (m,2H), 3.60 (m,2H); bromopropylamine 9 (758 mg, 218 mmol) in DMF (15 

13 C-NMR (CDC1 3 ) 8: 20.80, 43.46, 66.33. mmol) was added dropwise. The reaction mixture was then 

Compound 40: A three -necked flask equipped with an 55 stirred at 0° C. for 15 minutes, and then at 70-80° C. 

addition funnel and a condenser containing LiAlH 4 (2.8 g, overnight, and then cooled and cautiously quenched with 

73.6 mmol) was cooled in an ice bath as 80 mL of dry THF water (25 mL). The mixture was extracted with ethyl ether 

was added under a nitrogen atmosphere. The ice bath was (3x30 mL), and the pooled organic fractions were washed 

removed and the mixture was stirred at room temperature with H 2 0 (4x30 mL) and brine (2x20 mL), and dried 

while a solution of 38 (see Buchman et al, (1942)) (6.16 g 60 (NaS0 4 ). The solvent was evaporated under reduced 

36 mmol) in 30 mL of THF was added dropwise. The pressure, yielding an oil. The crude oil was purified by 

mixture was stirred at reflux for 18 hrs., After cooling in an column chromatography using hexanes:ethyl acetate (8:2), 

ice bath, the mixture was treated cautiously with a saturated followed by an 8:3 hexanes: ethyl acetate eluant. 800 mg 

solution of NH 4 C1 (16 mL) and then with ethyl acetate (16 (94%) of 46 were obtained as a glassy oil. *HNMR (CDC1 3 ) 

mL). The insoluble salts were removed by filtration and the 65 6: 0.95 (t, 6H), 1.30 (m, 3H), 1.61 (m, 5H), 2.10 (m, 2H), 

filtrate was evaporated under reduced pressure. The residue 2.32 (s, 12H), 2.52 (s, 24 H), 2.80-3.35 (m, 14H), 3.30 (m, 

was dissolved in ethyl acetate, dried (NaS0 4 ), filtered and 2H), 6.95, 6.98 (s, s, 8H); 13 C-NMR (CDC1 3 ) 5: 12.64, 
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20.93, 22.72, 22.82, 23.30, 24.87, 37.46, 39.97, 42.47, 3.85-4.10 (m, 4H), 6.96 (s, 4H). 13 C NMR (CDC1 3 ) 620.69, 

43.60, 50.06, 131.91, 133.70, 139.99, 142.30; FABMS (m/z, 20.89, 21.49, 22.41, 34.94, 69.14, 130.41, 131.66, 139.62, 

relative intensity); 1013.4 (MH*, 33), 829,5 (29). 139.65, 143.20, 143.25. EI-MS m/z (relative intensity) 480 

Compound 45: Compound 45 was obtained from 43 (M + , 0.7), 281 (7), 199 (22), 183 (47). 

following the procedure described immediately above. From 5 N-Ethyl-N'-(2-(3'-ethylamino-propylaminomethyl)-cis- 

300 mg of 43 was obtained 500 mg (78%) of a glassy oil cyclobutylmethyl)-propanel,3-diamine tetrahydrochloride, 

product. 13 C-NMR (CDCy 5: 12.63, 20.93, 22.72, 22.81, 48: This compound was synthesized according to the pro- 

23.28, 24.97, 37.45, 39,95, 42.29, 43.68, 50.01, 131.91, cedure described for 23 (Scheme 4A) in 60% yield as a 

133.70, 139.97, 140.03, 142.31; FABMS (m/z, relative white solid. The product was recrystallized from ethanol- 

intensity): 1013.5 (MH + , 28) 829.5 (28). 10 ether to afford 190 mg (60%) of 48 as white crystals. *H 

Compound 48 (Scheme 9): Phenol (3.17 g, 33.7 mmol) NMR (D 2 0): 61.30 (t, 6H), 1.85 (m, 2H), 2.08-2.25 (m, 

and 30% HBr in glacial acetic acid (17 mL) were added 6H), 2.50 (b, 2H), 3.10-3.30 (m, 16H); 13 C NMR (D 2 0): 

successively to a solution of 46 (759 mg 0.74 mmol) in 614.24, 26.44, 38.77, 46.80, 47.60, 48.41, 55.05; HPLC: 

CH 2 C1 2 (10 mL) at room temperature. The solution was Rt»28.06 min. 

stirred for 48 hours, H 2 0 (10 mL) was added, followed by 15 Compound 50: This compound was prepared according to 

extraction with CH 2 C1 2 (3x10 mL). The aqueous layer was the method of Miller et al. (1959). Using 49 as a reactant, 50 

evaporated under reduced pressure and the residue was was prepared in 70% yield. *HNMR (CDC1 3 ) 64.10 (s, 

taken up in 10N NaOH (5 mL) followed by extraction with slightly broad, 4H, CH 2 0H), 5.83 (s, again slightly broad, 

CHCI3 (12x10 mL). After removal of CHC1 3 , the residue 2H, CH=CH); 13 C-NMR (CDC1 3 , MeOH) 662.07, 130.08. 

was taken up in ethanol (10 mL) and acidified with concen- 20 Compound 51: Compound 51 (86%) was prepared as 

trated HC1 (0.5 mL). The precipitate was recrystallized from described above for 25 as a white solid. *HNMR (D 2 0) 

ethanol-ether to give 190 mg (60%) of 48 as white crystals. 63.69 (d, J-5 Hz, 4H, NCH^, 6.00-6.10 (m, 2H, CH=CH); 

a HNMR (D 2 0), 6: 1.30 (t, 6H), 1.85 (m, 2H), 2.08-2.25 (m, 13 C-NMR (D 2 0) 643.10, 130.75 

6H), 2.50 (br,2H), 3.10-3.30 (m, 16H); 13 C-NMR (D 2 0) 6: Compound 52: Compound 52 (45%) was prepared as 

14.24, 26.44, 38.77, 46.80, 47.60, 48.41, 55.05; HPLC: 25 described above for 25 from commercially available cis- 

R7«28.06min. butene-l,4Kiiol 50'. mp=205° C. (dec); 1 HNMR (D 2 0) 

Compound 47 (Scheme 8): Following the procedure 63.77 (d, J«5.5 Hz, 4H, NCHJ, (t, J=4.6 Hz, 2H, CH=CH), 

described for 48, 50 mg (23%) of 47 were obtained as white 13 C-NMR (D 2 0) 638.90, 129.74. 

crystals. *HNMR (D 2 0) 5: 1.30 (t, 6H), 1.80 (m, 2H), Compound 53: Compound 53 was prepared from 51 in 

2.02-2.28 (m, 6H), 2.50 (br, 2H), 3.02-3.30 (m, 16H); 29% yield mp=l 71-1 72° C; ^NMR (CDCU 62.31 (s, 6H, 

13 C-NMR(D 2 0)6: 14.22,26.43,38.77,46.82,47.60,48.40, 2 CH 3 ), 2.60 (s, 12H, 4CH 3 ), 3.45-3.55 (m, 4H, NCHJ, 

55.03; HPLC: Rt-28.047 min. 5.40-5.50 (m, 2H, CH=CH), 6.95 (s, 4H, aromatic) 

Compound 47 (via Scheme 8A): Referring specifically to Compound 54: Compound 54 was prepared from 52 in 
Scheme 8A, mesitylenesulfonic acid 35 74% yield. mp-109-110° C; 1 HNMR (CDC1 3 ) 62.31 (s, 
2-mesitylenesulfonyloxymethyl-trans-cyclobutyl methyl 6H, 2CH 3 ), 2.60 (s, 12H, 4CH 3 ), 3.45-3.55 (m, 4H, NCHJ, 
ester, 41' (83%) was obtained from 39 following the proce- 5.40-5.50 (m, 2H, CH=CH), 6.95 (s, 4H, aromatic); Ce- 
dure described for 16* (Scheme 4A). m.p. 77-78° C. J H NMR (CDC1 3 ) 620.95, 22.92, 39.05, 128.30, 132.03, 
NMR (CDCI3): 61.65 (m, 2H), 1.95 (m, 2H), 2.30 (s, 6H), 133.62, 139.11, 142.42; MS (m/z) 451 (M + ), 267, 251, 183, 
2.58, 2.60 (s, s 12H), 3.88 (d, 4H), 6.96 (s, 4H); 13 C NMR 4Q 119 (100%), 91; Anal: (^H^N^SJ. 
(CDCI3): 620.67, 20.86, 22.39, 36.37, 71.28, 130.35, Compound 55: Compound 55 was prepared in 91% yield 
131.59, 131.62 m 139.60, 143.17. EI-MS m/z (relative as described above for 10. mp-135-136° C; *HNMR 
intensity) 48 (M + , 8), 281 (5), 199 (22), 183 (36). (CD C1 3 ) 50.95 (t, J-7.1 Hz, 6H, 2CH 3 ), 1.59-1.70 (m, 4H, 

N-Ethyl-N-{3[(2- {[3-ethyl-mesitylenesulfonylamino) NCCH^, 2.29 (s, 12H, 4CH 3 ), 2.53 (s, 12H, 4CH 3 ), 2.55 (s, 

propylj-mesitylenesulfonylaminomethyl} -trans- 45 12H, 4CH 3 ), 2.99 (t, J=7.3 Hz, 8H, NCHJ, 3.08 (q, J-7.1 

cyclobutylmethyl)-mesitylenesulfonylamino]- Hz, 4H, NCHJ 3.65 (d, J«5 Hz, 4H, C=C— CHJ, 

propyl}mesitylenesulfonylamide, 45, was obtained by 5.40-5.50 (m, 2H, CH=CH), 6.92 (s, 4H, aromatic), 6.93 (s, 

reacting 41* with 3 following the procedure described for the 4H, aromatic); 13 C-NMR (CDC1 3 ) 512.62, 20.90, 22.68, 

synthesis of 22' in 78% yield as a glassy oil. J H NMR 22.77, 25.56, 40.02, 42.53, 43.79, 43.83, 128.51, 131.88, 

(CDQ 3 ): 6; 13C NMR (CDC1 3 ): 612.63, 20.93, 22.72, 50 132.00, 132.71, 133.00, 140.02, 140.17, 142.30, 142.66. 

22.81, 23.28, 24.97, 37.45, 39.95 , 42.29,43.68, 50.01, Compound 56: Compound 56 was prepared as described 

131.91, 133.70, 139.97, 140.03, 142.31; FABMS (m/z, above for 10 from 54 in 88% yield. mp=74-75° C; *HNMR 

relative intensity): 1013.5 (M\ 28) 829.5 (28). (CDC1 3 ) 60.93 (t, J-7.1 Hz, 6H, 2CH 3 ), 1.6O-1.70 (m, 4H, 

N-Ethyl-N , -(2-(3 , -ethylamino-propylaminomethyl)-trans- NCCH J, 2.29 (s, 6H, 2CH 3 ), 2.30 (s, 6H, 2CH 3 ), 2.52 (s, 

cyclobutylmethyl)-propanel,3-diamine tetrahydrochloride, 55 12H, 4CH 3 ), 2.55 (s, 12H, 4CH 3 ), 2.95-3.02 (m, 8H, 

47: Following the procedure described above for 23 NCH^, 3.07 (q, J=7.1 Hz, 4H, NCHJ, 3.74 (d, J~4.6 Hz, 

(Scheme 4A), 50 mg (23%) of 47 were obtained as white 4H, NCHJ, 6.90 (s, 4H, aromatic), 6.93 (s, 4H, aromatic); 

solid. a H NMR (D 2 0): 61.30 (t, 6H), 1.80 (m, 2H), 13 C-NMR (CDC1 3 ) 612.69, 20.93, 22.71, 22.80, 25.20, 

2.02-2.28 (m, 6H), 2.50 (br, 2H), 3.02-3.30 (m, 16H); 13 C 40.12, 42.56, 43.25, 47.06, 129.50, 131.93, 132.03, 132.86, 

NMR (D 2 0): 614.22, 26.43, 38.77, 46.82, 47.60, 48.40, 6 0 133.25, 140.07, 140.12, 142.36, 142.62; MS (m/z) 985.3 

55.03; HPLC: Ry-28.047 min. (M + ), 801.3, 718.2, 617.2, 519.2, 336.1, 240.1, 183.0, 119 

Compound 48 (Scheme 9A): referring specifically to (100%). 

Scheme 9A, mesitylenesulfonic acid 2-mesitylene Compound 57 (Scheme 10): Compound 57 was prepared 

sulfonyloxymethyl-cis-cyclobutylmethyl ester, 42' (80%) as described above for 12 starting from 35 in 86% yield, 

was obtained from 40 following the procedure described for 65 mp«250° C. (dec); *HNMR (D 2 0) 61.30 (t, J=7.4 Hz, 6H, 

16' m.p. 92-93° C. *H NMR (CDC1 3 ) 61.72 (m, 2H), 2.05 2CH 3 ), 2.05-2.20 (m, 4H, NCCHJ, 3.05-3.20 (m, 12H, 

(b, 2H), 2.31 (s, 6H), 2.57, 2.59 (s, 12H), 2.78 (b, 2H), NCHJ, 3.75-3.80 (m, 4H, NCH), 6.04-6.10 (m, 2H, 
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CH=CH); 13 C-NMR (D 2 0) 613.34, 25.57, 45.90, 46.71, 
46.80, 51.04, 131.25; HPLC: Rj-27.03 min. 

Compound 58 (Scheme 11): Compound 58 was prepared 
from 56 in 86% yield. mp=240° C; 1 HNMR (D 2 0) 61.30 (t, 
J-7.3 Hz, 6H, CHJ, 2.10-2.5 (m, 4H, NCCRJ, 3.05-3.25 
(m, 12H, NCHJ, 3.87 (d, J-4.8 Hz, 4H, NCH 2 ), 5.98 (t, 
J-4.8 Hz, 2A, CH==CH); 13 C-NMR (D 2 0) 613.35, 25.69, 
45.93, 46.70, 46.96, 47.02^ 129.31; HPLC: R^26.89 min. 

Compound 57 (via Scheme 10A): Referring specifically 
to Scheme 10A, mesitylenesulfonic acid-4- 
mesitylenesulfonyioxy-E-but-2-enyl ester, 51': Diol 50 (1.76 
g, 20 mmol), and benzyltriethyl ammonium bromide (270 
mg, 1 mmol) were taken in a mixture of 30 mL 50% KOH 
and 30 mL of dioxane. The reaction mixture was stirred in 
an ice water bath as mesitylene sulfonyl chloride (8.72 g, 40 
mmol) in 30 mL of dioxane as added dropwise. When the 
addition was over, the stirring was continued for an addi- 
tional hour. Excess water was added and after cooling a 
white precipitate was filtered. Crystillazation from 
chloroform-hexane yielded 7.0 g 51 1 (77%); m.p. 119-120° 
C. *H NMR (CDCI3): 62.35 (s, 6H), 2.60 (s, 12H), 4.45 (d 
4H), 5.75 (b, 2H), 6.95 (s, 4H); 13 C NMR (CDC1 3 ): 620.96, 
22.52, 67.96, 127.67, 131.69, 131.74, 139.79, 143.45. 
EI-MS m/z (relative intensity) 452 (M + , 1), 253 (17), 200 
(81), 183 (39). 

N-Ethyl-N-{3[(2-{[3-ethyl-mesitylenesulfonylamino) 
propyl]-mesitylenesulfonylaminomethyl}-but-(E)-2-enyl)- 
mesitylenesulfonylamino]-propyl}mesitylenesulfonylamide 
55: This compound was prepared in 91% yield as described 
above for 22'. mp=135-136° C. *H NMR (CDC1 3 ): 60.95 (t, 
J-7.1 Hz, 6H, 2CH 3 ), 1.59-1.70 (m, 4H, NCCH^, 2.29 (s, 
12H, 4CH 3 ), 2.53 (s, 12H, 4CH 3 ), 2.55 (s, 12H, 4CH 3 ), 2.99 
(t, J-7.3 Hz, 8H, NOy, 3.08 (q, J=7.1 Hz, 4H, NCH^, 3.65 
(d, J-5 Hz, 4H, C=C— CH 2 ), 5.40-5.50 (m, 2H, CH=CH), 
6.92 (s, 4H, aromatic), 6.93 (s, 4H, aromatic); 13 C NMR 
(CDC1 3 ): 612.62, 20.90, 22.68, 22.77, 25.56, 40.02, 42.53, 
43.79, 43.83, 128.51, 131.88, 132.00, 132.71, 133.00, 
140.02, 140.17, 142.30, 142.66. 

N,N 1 -bis(3-ethylaminopropyl)-(E)-but-2-ene-l,4- 
diamine tetrahydrochloride, 57, was prepared as described 
above for 23 (Scheme 4A) in 86% yield. mp=250° C. (dec). 
J H NMR (D 2 0): 61,30 (t, J-7.4 Hz, 6H, 2CH 3 ), 2.05-2.20 
(m, 4H, NCCH 2 ), 3.05-3.20 (m, 12H, NCHJ, 3.75-3,80 (m, 
4H, NCH 2 ), 6.04-6.10 (m, 2H, CH=CH). 13 C NMR (D 2 0): 
613.34, 25.57, 45.90, 46.71, 46.80, 51.04, 131.25; HPLC: 
Rt-27.03 min. 

Compound 58 (via Scheme 11A): Referring specifically 
to Scheme 11A, mesitylenesulfonic acid-4- 
mesitylenesulfonyloxy-E-but-2-enyl ester, 52' was obtained 
from 50' in 75% yield by following the procedure described 
above; m.p. 71-72° C. *H NMR (CDC1 3 ): 52.25 (s, 6H), 
2.50 (s, 19H), 4.40 (d, 4H), 5.62 (b, 2H), 6.90 (s, 4H); 13 C 
NMR (CDCI3): 520.90, 22.40, 63.66, 127.54, 131.71, 
139.69, 143.46. EI-MS m/z (relative intensity) 452 (M + , 3), 
253 (47), 199 (35), 183 (76). 

N-Ethyl-N-{3[(2-{[3-ethyl-mesitylenesulfonylamino) 
propyl]-mesitylencsulfonylaminomethyl}-but-(Z)-2-enyl)- 
mesitylenesulfonylamino]- 

propyljmesitylenesulfonylamide, 56, prepared as described 60 
above for 22 (Scheme 4A) in 88% yield. mp=74-75° C. J H 
NMR (CDC1 3 ): 60.93 (t, J-7.1 Hz, 6H, 2CH 3 ), 1.60-1.70 
(m, 4H, NCCHJ, 2.29 (s, 6H, 2CH 3 ), 2.30 (s, 6H, 2CH 3 ), 
2.52 (s, 12H, 4CH 3 ), 2.55 (s, 12H, 4CH 3 ), 2.95-3.02 (m, 8H, 
NCH 2 ), 3.07 (q, J=7.1 Hz, 4H, NOQ, 3.74 (d, J=4.6 Hz, 
4H, NCHJ, 6.90 (s, 4H, aromatic), 6.93 (s, 4H, aromatic); 
13 C NMR (CDC1 3 ): 612.69, 20.93, 22.71, 22.80, 25.20, 
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40.12, 42.56, 43.25, 47.06, 129.50, 131.93, 132.03, 132.86, 
133.25, 140.07, 140.12, 142.36, 142.62; MS (m/z) 985.3 
(M*). 

N,N 1 -bis(3-ethylaminopropyl)-(Z)-but-2-ene-l,4- 
diamine tetrahydrochloride, 58, was prepared from 56 in the 
same fashion as 23 (Scheme 4A) in 86.5% yield. mp=240° 
C. 'H NMR (D 2 0): 61.30 (t, J-7.3 Hz, 6H, CH 3 ), 2.10-2.59 
(m, 4H, NCCH 2 ), 3.05-3.25 (m, 12H, NCHJ, 3.87 (d, J=4.8 
Hz, 4H, NCHj), 5.98 (t, J-4.8 Hz, 2H, CH=CH); 13 C NMR 
(D 2 0): 613.35, 25.69, 45.93, 46.70, 46.96, 47.02, 129.31; 
HPLC: Ry-26.89 min. 
Biological Activity Examples 

These Examples are provided to illustrate the utility of the 
present compounds to inhibit neoplastic cell growth. As note 
above, the Examples do not limit the scope of the invention 
described and claimed herein in any fashion. 

Cell Lines and Media 

Human breast cancer cell line MCF7 was grown in 
Richter's Improved Modified Eagle's Medium supple- 
mented with 10% fetal bovine serum (FBS) and '2.2 g/L 
sodium bicarbonate. Human brain cancer cell line U251MG- 
NCI was grown in Dulbecco's Modified Eagle's Medium 
supplemented with 10% FBS. Human lung cancer cell line 
A549 was grown in Ham's F-12K medium (Fisher 
Scientific, Itasca, 111.), supplemented with 10% FBS and 2 
mM L-glutamine. Human colon cancer cell line HT29 was 
cultured in McCoy's 5A medium (Gibco, BRL, 
Gaithersburg, Md.), supplemented with 10% FBS. Human 
prostate cancer cell line PC3 was grown in Dulbecco's 
Modified Eagles Medium supplemented with 5% FBS. The 
A549 and MCF7 cell lines were cultured in 100 units/mL 
penicillin and 100 jWg/mL streptomycin. HT29 and U251MG 
cell lines were grown in 50 /ig/mL gentamycin. PC3 cell 
lines were maintained in 1% antibiotic-antimycotic solution 
(Sigma, St. Louis, Mo.). The cell cultures were maintained 
at 37° C. in 5% C0 2 /95% humidified air. All cell cultures are 
available from the American Type Culture Collection, 
Rockville, Md. 

Examples 1-8 

A standardized protocol was used to evaluate these test 
cultures and to generate the data shown in FIGS. 1-8: 
Day 1: 

Ten standard culture flasks for each drug to be tested were 
plated with 5xl0 5 cells of a given type in 5 mLof media and 
allowed to incubate for 16-24 hours at 37° C. 

Day 2: 

Fresh stocks of the compounds to be evaluated are pre- 
pared. For each drug, two of the ten culture flasks prepared 
on Day 1 are used as controls. The control flasks are treated 
with solvent only. Four flasks for each compound are then 
treated with serially-diluted concentrations of the com- 
pound. The remaining flasks are left untouched. The cells are 
incubated for 4 hours at 37° C. 

After 4' hours the control flasks are counted (2 counts for 
each flask) and the cells per mL calculated based on the 
average of the control counts. The cells are then re-plated 
into six 60 mm dishes for each flask from dilutions based on 
the cells/mL of the control. (In the various test runs, cell 
concentrations ranged from approximately 50 to approxi- 
mately 800 cells per mL.) 

Day 15-20: 

The cells are monitored for colony formation. When 
visible, the cells are stained with 0.5% crystal violet (in 95% 
EtOH) and counted. The plating efficiency for each dish is 
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then calculated. The plating efficiencies of the six dishes for 
each flask are averaged and the standard deviation is calcu- 
lated. The fraction of cell survival at each concentration is 
determined based on the controls. 

Example 1 5 
In vitro effect of SL-11048 (Compound 57) on MCF7 

Following the standard protocol described above, the 
effect of SL-11048 (Compound 57) on MCF7 cell lines was 
evaluated. The results are depicted in FIG. 1. As shown in 
FIG. 1, ED 50 «1.49 fiM. 

Example 2 

In vitro effect of SL-11038 (Compound 23) on MCF7 

Following the standard protocol described above, the 
effect of SL-11038 (Compound 23) on MCF7 cell lines was is 
evaluated. The results are depicted in FIG. 2. As shown in 
FIG. 2, ED 50 =1.34 juM. 

Example 3 

In vitro effect of SL-11037 (Compound 28) on MCF7 2Q 

Following the standard protocol described above, the 
effect of SL-11037 (Compound 28) on MCF7 cell lines was 
evaluated. The results are depicted in FIG. 3. As shown in 
FIG. 3, ED 50 1.64 fM. 

Example 4 25 
In vitro effect of SL-11043 (Compound 48) on MCF7 

Following the standard protocol described above, the 
effect of SL-11043 (Compound 48) on MCF7 cell lines was 
evaluated. The results are depicted in FIG. 4. As shown in 
FIG. 4, ED 50 =1.64 /*M. 30 

Example 5 

In vitro effect of SL-11047 (Compound 58) on MCF7 

Following the standard protocol described above, the 
effect of SL-11047 (Compound 58) on MCF7 cell lines was 35 
evaluated. The results are depicted in FIG. 5. As shown in 
FIG. 5, ED 50 =1.49 jM. 

Example 6 

In vitro effect of SL-11044 (Compound 47) on MCF7 

Following the standard protocol described above, the 40 
effect of SL-11044 (Compound 47) on MCF7 cell lines was 
evaluated. The results are depicted in FIG. 6. As shown in 
FIG. 6, ED 50 -1.79 ^M. 

Example 7 45 
In vitro effect of 10 concentrations of SL-11033 (13, ■), 
SL-11027 (12, ▲), SL-11034 (36, T), and SL-11028 (35, ♦) 
on U251MG-NCI cells. 

Here, the above-identified compounds were administered 
in a 10 juM dose to cultures of the human brain cancer cell 50 
line U251MG-NCI and evaluated according to the standard 
protocol described above. The results are shown in FIG. 7. 
At the 10 fM dosage used, SL-11027 (12) displayed marked 
inhibition of cell growth. Control=#. 

Example 8 55 
In vitro effect of 40 concentrations of SL-11033 (13, ■), 
SL-11027 (12, A), SL-11034 (36, T), and SL-11028 (35, ♦) 
on U251MG-NCI cells. 

This Example is identical to Example 7, with the excep- 
tion that a 40 dose was administered. The results are 60 
depicted in FIG. 8. Here, at the 40 //M dosage used, 
SL-11034 (36) displayed marked inhibition of cell growth. 
Controls. 

Examples 9-20 65 

Here, a conventional MTT assay was used to evaluate 
percent cell survival. Exponentially growing monolayer 
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cells were plated in 96- we 11 plates at a density of 500 cells 
per well and allowed to grow for 24 hours. Serial dilutions 
of the drugs were added to the wells. Six days after drug 
treatment, 25 fd of MTT solution (5 mg/ml) was added to 
each well and incubated for 4 hours at 37° C. Then 100 //l 
of lysis buffer (20% sodium dodecyl sulfate, 50% DMF, and 
0.8% acetic acid, pH 4.7) was added to each well and 
incubated for an additional 22 hours. A microplate reader 
("EMAX"-brand, Molecular Devices, Sunnyvale, Calif.) set 
at 570 nm was used to determine the optical density of the 
cultures. Results are expressed as a ratio of the optical 
density in drug-treated wells to the optical density in wells 
treated with vehicle only. 

The ID 50 doses for the compounds tested against the 
various cell lines are presented in Table 2. The ID 50 is the 
drug concentration that killed 50% of the cultured cells. 

TABLE 2 



Cytotoxic Activity Human Tumor Cell Lines 





A549 


HT-29 


PC-3 


MCF7 


U251MG NCI 


SL-11037 


0.12 


1.6 


7.4 


>31.25 


0.1 


(Cmpd 28) 
SL-11038 


0.25 


1.4 


12.4 


>31.25 


0.1 


(Cmpd 23) 
SL-11043 


0.1 


1.5 


>31.25 


25.5 


0.1 


(Cmpd 48) 
SL-11044 


0.3 


1.6 


>31.25 


>31.25 


0.12 


(Cmpd 47) 
SL-11047 


0.25 


1.6 


3.6 


■ 9.5 


0.55 


(Cmpd 58) 
SL-11048 


0.26 


1,4 


1.4 


>31.25 


2 



(Cmpd 57) 



Example 9 

Using the standard MTT protocol described above, cul- 
tured HT29 cells were exposed to serial dilutions of com- 
pounds 28 (SL11037) and 23 (SL11038). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 9A and FIG. 9B. The ID 50 for these 
compounds against HT29 is given in Table 2. 

Example 10 

Using the standard MTT protocol described above, cul- 
tured HT29 cells were exposed to serial dilutions of com- 
pounds 48 (SL11043) and 47 (SL11044). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 10A and FIG. 10B. The ID 50 for these 
compounds against HT29 is given in Table 2. 

Example 11 

Using the standard MTT protocol described above, cul- 
tured HT29 cells were exposed to serial dilutions of com- 
pounds 58 (SL11047) and 57 (SL11048). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 11A and FIG. 11B. The ID 50 for these 
compounds against HT29 is given in Table 2. 

Example 12 

Using the standard MTT protocol described above, cul- 
tured U251 MG cells were exposed to serial dilutions of 
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compounds 28 (SL11037) and 23 (SL11038). The percent 
cell survival as compared to cultures exposed to vehicle 
alone was determined for each concentration of drug. The 
results are depicted in FIG. 12A and FIG. 12B. The ID 50 for 
these compounds against U251 MG is given in Table 2. 

Example 13 

Using the standard MTT protocol described above, cul- 
tured U251 MG cells were exposed to serial dilutions of 
compounds 48 (SL11043) and 47 (SL11044). The percent 
cell survival as compared to cultures exposed to vehicle 
alone was determined for each concentration of drug. The 
results are depicted in FIG. 13Aand FIG. 13B. The ID 50 for 
these compounds against U251 MG is given in Table 2. 

Example 14 

Using the standard MTT protocol described above, cul- 
tured U251 MG cells were exposed to serial dilutions of 
compounds 58 (SL11047) and 57 (SL11048). The percent 
cell survival as compared to cultures exposed to vehicle 
alone was determined for each concentration of drug. The 
results are depicted in FIG. 14Aand FIG. 14B. The ID 50 for 
these compounds against U251 MG is given in Table 2. 

Example 15 

Using the standard MTT protocol described above, cul- 
tured A549 cells were exposed to serial dilutions of com- 
pounds 28 (SL11037) and 23 (SL11038). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 15A and FIG. 15B. The ID 50 for these 
compounds against A549 is given in Table 2. 

Example 16 

Using the standard MTT protocol described above, cul- 
tured A549 cells were exposed to serial dilutions of com- 
pounds 48 (SL11043) and 47 (SL11044). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 16A and FIG. 16B. The ID 50 for these 
compounds against A549 is given in Table 2. 

Example 17 

Using the standard MTT protocol described above, cul- 
tured A549 cells were exposed to serial dilutions of com- 
pounds 58 (SL11047) and 57 (SL11048). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 17Aand FIG. 17B. The ID 50 for these 
compounds against A549 is given in Table 2. 

Example 18 

Using the standard MTT protocol described above, cul- 
tured PC3 cells were exposed to serial dilutions of com- 
pounds 28 (SL11037) and 23 (SL11038). The percent cell 
survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 18A and FIG. 18B. The ID 50 for these 
compounds against PC3 is given in Table 2. 

Example 19 

Using the standard MTT protocol described above, cul- 
tured PC3 cells were exposed to serial dilutions of com- 
pounds 48 (SL11043) and 47 (SL11044). The percent cell 
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survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 19A and FIG. 19B. The ID 50 for these 
compounds against PC3 is given in Table 2. 

5 Example 20 

Using the standard MTT protocol described above, cul- 
tured PC3 cells were exposed to serial dilutions of com- 
pounds 58 (SL11047) and 57 (SL11048). The percent cell 
10 survival as compared to cultures exposed to vehicle alone 
was determined for each concentration of drug. The results 
are depicted in FIG. 20A and FIG. 20B. The ID 50 for these 
compounds against PC3 is given in Table 2. 
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What is claimed is: 

1. Compounds of Formula I: 

35 E — NH — D — NH — B — A — B — NH — D — NH — E (I) 

wherein A is selected from the group consisting of cis- 
C 2 -C 6 alkene and C 3 -C 6 cycloalkyl, cycloalkenyl, and 
cycloaryl; 

40 B is independently selected from the group consisting of 
a single bond and C 2 -C 6 alkyl and alkenyl; 
D is independently selected from the group consisting of 
r^sCi~C 6 alkyl and alkenyl, and C 3 -C 6 cycloalkyl, 
/^cycloalkenyl, and cycloaryl; 
45 ( E isjmethyl; 

\ and pharmaceutically -suitable salts thereof. 

2. Compounds according to claim 1, wherein A is selected 
from the group consisting of cyclopropyl and cyclobutyl. 

3. Compounds according to claim 1, wherein B is selected 
50 from the group consisting of a single bond, methyl, and 

ethyl. 

4. Compounds according to claim 1, wherein D is propyl. 

5. Compounds according to claim 1, wherein A is selected 
from the group consisting of cis-2-butene, cis-cyclopropyl, 

55 trans-cyclopropyl, cis-cyclobutyl and trans-cyclobutyl; B is 
selected from the group consisting of a single bond and 
methyl; and D is propyl. 

6. The compound according to claim 1, wherein A is 
cis-cyclopropyl, B is a single bond, and D is propyl. 

60 7. The compound according to claim 1, wherein A is 
trans-cyclopropyl, B is a single bond, and D is propyl. 

8. The compound according to claim 1, wherein A is 
cis-cyclopropyl, B is methyl, and D is propyl. 

9. The compound according to claim 1, wherein A is 
65 trans-cyclopropyl, B is methyl, and D is propyl. 

10. The compound according to claim 1, wherein A is 
trans-cyclobutyl, B is a single bond, and D is propyl. 
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11. The compound according to claim 1, wherein A is 
cis-cyclobutyl, B is a single bond, and D is propyl. 

12. The compound according to claim 1, wherein A is 
trans-cyclobutyl, B is methyl, and D is propyl. 

13. The compound according to claim 1, wherein A is 5 
cis-cyclobutyl, B is methyl, and D is propyl. 

14. The compound according to claim 1, wherein A is 
cis-2-butene, B is a single bond, and D is propyl. 

15. A pharmaceutical unit dosage form for the inhibition 

of neoplastic cell growth comprising one or more com- 10 
pounds according to claim 1 in combination with a 
pharmaceutically-suitable carrier. 

16. The pharmaceutical unit dosage form of claim 15, 
wherein the carrier is a solid carrier. 

17. The pharmaceutical unit dosage form of claim 15, is 
wherein the carrier is a liquid carrier. 

18. A method of inhibiting growth of cancer cells com- 
prising treating the cancer cells with an effective growth- 
inhibiting amount of one or more compounds according to 
claim 1. 
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19. The method of claim 18, wherein an amount of one or 
more of the compounds is administered to a human cancer 
patient in need thereof which is effective to inhibit the 
growth of the cancer. 

20. The method of claim 19, wherein the amount of one 
or more of the compounds is administered parenterally in 
combination with a pharmaceutically-acceptable liquid or 
solid carrier. 

21. The method of claim 19, wherein the amount of one 
or more of the compounds is administered intraveneously in 
combination with a pharmaceutically-acceptable liquid car- 
rier. 

22. The method of claim 19, wherein the amount of one 
or more of the compounds is administered orally in combi- 
nation with a pharmaceutically-acceptable liquid or solid 
carrier. 

***** 
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